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FUNDAMENTAL PROBLEMS IN COLOR VISION. 
П. HUE, LIGHTNESS, AND SATURATION OF 
SELECTIVE SAMPLES IN CHROMATIC 
ILLUMINATION 


BY HARRY HELSON AND VIRGINIA BALOUGH JEFFERS 
Bryn Mawr College 


That the limits of color constancy are reached in everyday 
experience is shown by the fact that colors of objects do not 
remain constant in different illuminants and when various 
conditions of viewing are changed. Thus a suit of clothes 
which is a good bluish gray in the lamplight of the store may 
be a saturated blue in daylight. Changes in color which 
escape the layman are easily detected by experts engaged in 
matching and grading objects by their colors. 

The belief is widely held that changes in object colors in 
strongly chromatic illuminants, when the whole retina is 
stimulated by homogeneous light, are either wholly inexplic-_ 
able or unamenable to the laws governing normal color vision: 


The conflicting hypotheses advanced for the facts of constancy а . 


and conversion have not contributed to a clearer understand- | 
ing of the phenomena or their underlying mechanisms. The 
application of laboratory controls to the phenomena of color 
conversion has resulted in the formulation of principles valid 
-for non-selective samples in various illuminants.! As most 
1 D. B. Judd, Surface color, /.0.5.4., 1935, 25, 44; Н. Helson, "Tri-dimensional 
analysis and the non-film modes of color appearance, /.0.5.4., 1937, 27, 59, and Funda- 


mental problems in color vision. 1., The principle governing changes in hue, satura- 
tion, and lightness of non-selective samples in chromatic illumination, this Journal, 


1938, 23, 439-476. 


2 HARRY HELSON AND VIRGINIA BALOUGH JEFFERS 


objects have chromatic daylight colors, that is, Possess spec- 
trally selective reflectance, the question arises: “Do the laws 
for non-selective samples hold for selective ones as well?” 
The present paper deals, therefore, with the facts and prin- 
ciples of changes in hue, lightness, and saturation of selective 
samples in spectrally homogeneous and mixed illuminants. 


PROCEDURE AND EXPERIMENTAL CoxrRors 


As a full account of the apparatus and technique of experimentation has already 
appeared in a previous publication of this Journal * we shall limit ourselves to the most 
essential facts, For univocal answers to the questions which have concerned us it was 
necessary to use illuminants of known spectral energy distributions, stimuli and back- 
grounds of known spectral reflectance, and subjects (S) trained to Teport on hue, 
lightness, and saturation with fair consistency The following arrangements con- 
tributed to these ends: 

"The source of illumination was a $00-watt Mazda lamp equivalent to a black body 
radiator of 2848? К. when operated at 103 volts. "This source lamp reproduces *Illu- 
minant 4’ recommended by the International Commission on Illumination. It was 
used chiefly in conjunction with spectrally selective filters to give strongly chromatic 
illumination. Some observations, however, were taken without any filter as representa- 
tive of weakly chromatic illumination and these were supplemented by observation 
with a Palo Daylight lamp which gives illumination that is nearly achromatic or 


"white" Observations were made in a light-tight booth to guard against stray light 
which can materially affect results, 


The transmissions of the filte: 
illuminants,* the illumination on th 
the hues of the illuminants, 
From this table it will be seen that transmissions of the filters, and hence the illumina- 
tion on the samples, differed by a factor of 60 for each inte 


th sample plane 
and when multiplied by the transmissions of the filters as given in Table 1 we have 
* H. Helson, ibid, 
* We are grateful to Dr. Deane 


B. Judd of the National Bureau of Standards for 


, aid in measurement of spectral reflectances and 
interest in the progress of the work in all its stages. 
We trust that our debt to him has been repaid at least in Part by some of the results 


of our experiments which he has built into the theory and formule which appear under 


ordinate system for colori- 
metry, J.0.8.4., 1935, 25, 24—35. 1 


5 For definitions of various 


terms especially from colori Ed 
Helson, ibid. Y colorimetry see Judd, ibid., an 
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the illumination on the samples for each source-filter combination. These products 
are given in Table 1 for the main case, viz., 72 f.c. on the sample plane. 

The hues of the illuminants, as revealed by reports on the colors of the lightest 
non-selective samples, were not all unitary, that is, they require more than one hue- 
name to describe them.5 It should be noted that we have indicated in Table 1 the 
hues of the after-image complementaries to the illuminant hues because our results 
are explicable only in terms of after-image hues and not in terms of mixture comple- 
mentarism. The former complementaries differ from the latter in that they contain 
more red and blue (purple) than the latter.” 


TABLE І 


‘TRANSMISSIONS OF THE CHROMATIC FILTERS, ILLUMINATION ON THE SAMPLE PLANE, 
'TRILINEAR COORDINATES OF THE [LLUMINANTS, HUES OF THE ILLUMINANTS, 
AND Tuerr Arrer-Imace Hues 


No Filter Red Yellow Green Blue 
Transmission for 
2848? K.. ү, 1.000 0.052 0.362 0.038 0.006 
Жасак, оп 
samples....... 72.00 3.70 26.00 2.70 0.44 
Trilinear coórdi- 
паев ИМЯ d g Toug r в г 
5 “ч -958 .042 | .705 .295 | .372 .613 | .237 .351 
Hue of illuminant! фы of low yR rY yG rB 
saturation 
After-image hue.. | Indeterminate| bG B bR Y 


low saturation 


The color stimuli consisted of 15 Munsell selective samples, 5o X 50 mm as given 
in Tables 2 and 5, and three non-selective samples identical with our black, gray and 
white backgrounds, making 18 stimuli in all. Spectral reflectance curves of the 15 
Munsell samples were determined at the National Bureau of Standards and the trilinear 
coórdinates of each sample in each illuminant were calculated. These data are re- 


* The yR illuminant is in effect spectrally homogeneous even though it is yellowish- 
red because all of the samples illuminated by it fall closely on the same part of the 
spectrum locus when plotted in the color mixture diagram. The reddish-yellow, 
yellowish-green, and reddish-blue illuminants do not plot on the spectrum locus and | 
are therefore equivalent to non-homogeneous lights. In laying claim to the use of 
homogeneous illuminants we shall have only the first in mind. It should be remem- , 
bered that purity of stimulus does not give unitary hues always—in fact the reverse 
is true as only three psychologically unitary hues have been found in the spectrum— 
G, Y, and B, all reds jn the spectrum having a yellow component. For most recent 
determination of s] ] unitaries, see F. L. Dimmick and M. R. Hubbard, The 
spectral location of psychologically unique yellow, green and blue, 4m. J. Psychol., 

_ 1939, 52, 242-254. 

7A. Tschermak, Licht und Farbensinn, Handb. d. norm. u. pathol. Physiol, 

Berlin, 1929, XII/1, tionsorgane II, pp. 474 £.; also T. Karwoski, Variation to- 
ward purple in the vispal after-image, Amer. J. Psychol., 1929, 41, 625-636. 
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served for a later article but the reflectance of each sample for each illuminant is given 
in Tables 2 and 5, Since the lightness of a sample is directly dependent upon its 
reflectance this value is of prime importance, 

"The Ss in these experiments numbered 21. Sixteen observed during the first year 
of experimentation and 5 observed during the major variations carried on during the 
second year, two of the five having observed in both years’ work, Ss were trained 
to report on hue, lightness, and saturation in daylight by the use of the Munsell color 
book, after which their reports in the color booth were accepted at their face value. 
Reports on hue were made in terms of a sixteen-fold classification, R, yR, RY, rY, Y, 
8Y, YG, уб, G, bG, BG, gB, B, rB, RB, bR, the small letters denoting minor com- 
ponents in binary hues. The abbreviations are self-evident for the hues and the achro- 
matic series was denoted by A 10/0, A s/o and А ofo for white, gray, and black, The 
Munsell notation was used wherein the number in the numerator refers to lightness and 
the one in the denominator to saturation. Maximum saturation or lightness was 
denoted by 10 and minimum by o. Thus a black would be denoted by A o/o and a 
yellowish-red of medium saturation and lightness by yR 5.0/5.0. 

Each S adapted to the illuminant for 15 minutes before the samples were exposed. 
S was instructed to glance about the field without fixating too long on any one sample 
ав steady fixation often caused the samples to change in color. Under our conditions 
the whole retina was stimulated with chromatic illumination. The total range of 
conditions investigated in this study and the number of observations on which our 
conclusions are based can be gained from the following: 18 samples were reported on 
by 5 Ss (whose results we shall concentrate on in the present report) in 25 different 
illuminants (incandescent, YR, rY, yG, rB and mixtures of the chromatic illuminants 
with the lamp light), with three backgrounds (white, gray and black) in four intensities 
of each illuminant (high, medium, low, and very low), resulting in a total of 27,000 
(18 X 5X 25 X 3 X 4) reports on hue, lightness, and saturation. 


GENERAL CHARACTERISTICS OF Corons IN STRONGLY 
CHROMATIC ĪLLUMINANTS 


When we view a number of differently colored papers in 
illumination having a continuous spectrum, we see a variety of 
colors in every sense of the word. The reds stand out from 
the greens while the blues and yellows. appear in their indi- 

_ viduality also. Various degrees of lightness and saturation 
add to the variety of hues in the field. Multiplicity: of colors 
‘characterizes the ordinary conditions of vision. The colors 
are solid as the glance falls upon them and they stand out from 
their background. They are one with the objects to which 
they belong. Some colors are more pleasing than others and 
the affective value of any color can be isolated more or less 
from the rest. Or if we regard the colors as а whole both the 


color-qualities as such and their affective values seem to ad- 
here to the objects, | 
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If, however, we change the illuminant from daylight to any 
strongly chromatic illuminant, the experience changes in 
very radical fashion. Objects and their colors lose their 
individuality to a great extent. A single hue and mood per- 
vade the field. There is a peculiar luminous quality to every- 
thing that is seen. Colors retreat into the plane of the back- 
ground, some even appearing within or behind it. The 
observer seems bathed in the illuminant hue. Wherever one 
looks he is conscious of the illuminant hue even though dif- 
ferences in color are visible. 'The colors have become softer 
and filmier. Demarcation between samples and background 
is not sharp and contours almost disappear. Variety, indi- 
viduality, and thingness give way to a single predominating 
color tone wherein objects seem fused. The affective value 
of the daylight plane has changed to include three-dimensional 
space. Affective tone is stronger than in ordinary light and 
one is more conscious of the effect of color on feeling and mood 
than in normal surroundings. 

One of the most striking differences between daylight hues 
and those seen in strongly chromatic illuminants is the loss in 
saturation which the latter have undergone. It is most pro- 
nounced in those samples having a daylight hue like that of the 
illuminant and seems paradoxical at first. In spite of the fact 
that ‘red’ samples, to take this hue as an example, reflect a 
greater fraction of homogeneous red light than daylight, and 
similarly for samples of other hues, they have a very much less 
saturated color in strongly chromatic red illumination owing 
to the desensitization of the eye to light of the illuminant hue.’ 
Two factors are at work: strong stimulation by certain spec- 
tral energies to produce a given hue and retinal adaptation to 
neutralize this effect. Thus it is possible for samples having 

8 For this reason when maximum values are given for the saturation of illuminant 
hues it does not mean that the samples are as saturated as possible or even as saturated 
as in daylight. Both A. Gelb, Die Farbenkonstanz der Sehdinge, Handb, d. norm. и, 
pathol, Physiol., Berlin, 1929, XII/1, Receptionsorgane 11, рр. 624 f., and D. Katz, 
Die Erscheinungsweisen der Farben und ihre Beeinflussung durch die individuelle 
Erfahrung, Z. F. Psychol.,'t911, Erg. Bd. 7, pp. 270 ff., have found that samples having 


the illuminant hue are less saturated than in daylight illumination. But the com- 
plementary hues are fully as saturated at their best as any seen in daylight. 
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a daylight hue different from that of the illuminant to be more 
saturated than samples like the illuminant—for example, a 
daylight white (having higher reflectance) is redder than day- 
light reds in red illumination. On the other hand, the after- 
image hues are more saturated, stronger, and deeper than the 
illuminant hues and appear equally well in any samples regard- 
less of daylight hue provided reflectance is sufficiently low for 
the illuminant. 

The after-effects of exposure to strongly chromatic illu- 
mination are also striking. Immediately after the illuminant 
is changed from strongly chromatic to daylight, colors are 
greatly desaturated for many seconds, especially those having 
the hue of the chromatic illuminant. This ‘after-desatura- 
tion’ was greatest with the yR and rB'illuminants and least 
with the yG and rY. This finding is in harmony with the fact 
that the red and blue-violet portions of the spectrum show 
greater fatigability than the yellow and green regions even 
though their saturation is greater. Since the yR and rB 
illuminants plot farthest from the daylight point in the color 
mixture diagram we expect them to have the greatest chro- 
matic effects and after-effects. 


Hur, LIGHTNESS, AND SATURATION IN CHROMATIC 
ILLUMINANTS 


In attempting to formulate principles governing color con- 
version it is necessary to use an average, median or some other 
typical S as the object of predictions owing to individual 
differences in color vision. Unanimity of report on colors is 
not found even under optimal daylight conditions and so it 
cannot be expected when observations are much more difficult 
as in chromatic illumination. The chief types of variation in 
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report found in chromatic illuminants which have also been 
reported among Ss with so-called normal color vision in 
daylight !? are as follows: 

(1) Samples which have unitary hues for the majority of 
Ss have binary hues for the remaining Ss—for example, Y 5/7 
reported Y by 1o Ss was seen as gY by 6 others. 

(2) Components of binary hues may be given different 
emphases: thus the sample P 3/6 was called RB by 5 Ss, rB by 
6, and bR by 5. 

(3) Minor components of binary hues may be on ithe 
side of the major component. The sample 7/6 which was . 
called R by 13 Ss was seen as yR by 2 and bR by one $. 

(4) Less agreement exists regarding unitary hues (hues 
supposed to be unitary) than with respect to binary hues as 
would be expected from the above. But binary hues are 
seldom seen as unitary since the tendency is to add compo- 
nents rather than to miss them. 

. By using illuminants of known composition and papers of 
known spectral reflectance and by excluding such sources of 
error as arise from stray light, insufficient adaptation, and 
inexperience in naming colors, the general principles governing 
conversion emerge concretely and clearly through the indi- 
vidual differences in color vision. 

Consideration of the data in Table 2 for the median S 
reveals certain regularities. If we arrange the samples in 
order of decreasing reflectance for each illuminant we find 
first reports of illuminant hue or mixtures of daylight and 
illuminant hues in the case of the less homogeneous illuminants 
(rY and yG), secondly, reports of achromaticity, which may 
not be present in all cases, and thirdly, on white and gray 
grounds, after-image hues with the darkest samples. Taking 
the yR illuminant as an example, on white ground the first 
10 samples are R or YR, the next sample is A, and the remain- 
' ing 7 samples are, with one exception, GB; on gray ground, 
the first 12 samples are RY, the next two are YG and Y, and 
the remaining four are GB or G; on black ground, all the 


% Н. Helson, Color tolerances as affected by changes in composition and intensity 
of illumination and reflectance of background, Amer. J. Psychol., 1939, 52, 406-410. 
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samples, with only two exceptions, are R or YR, one of the 
exceptions being bR (the b is an after-image component), the 
other, A, coincides with expectation. Similarly with the other 
illuminants: on white ground lighter samples have either the 
illuminant hue or a hue representing a mixture of daylight 
and illuminant hue if the illuminant is not fairly homogeneous, 
darker samples have the after-image hue and samples of 
intermediate reflectance either are achromatic or have hues of 
low saturation." The hues are similar on gray ground but for 
the fact there are fewer after-image and more illuminant hues. 
On black ground we find practically no after-image hues, 
illuminant hues appearing almost exclusively, 

The relation of the hues of samples in strongly chromatic 
illuminants to their daylight hues appears from Table 2. 
Some measure of constancy is present as some of the samples 
have at least one component of their daylight hue even in the 
homogeneous illuminant (yR). Daylight hue by itself is not 
sufficient for predictions of constancy. Whatever constancy 
is found is as much a function of reflectance of sample for the 
chromatic illuminant as the commonly supposed factor of 
hue. The lightness of a sample furnishes a better clue to its 
behavior under different conditions than does its hue. This 
explains why a sample whose daylight hue is different from 
that of the illuminant may have a more saturated illuminant 
hue than one whose daylight hue is like that of the illuminant 
—e.g., PB 7/4 is a more saturated red in red illumination on 
black ground than R 3/7 owing to its higher lightness; simi- 
larly R 7/6 is a more saturated green in green illumination on 
black ground with a value of 4.0 than G 3/4 with a value of 
2.0. A то/о always has the highest saturation in all illu- 
minants because of its highest lightness. Samples having the 
hue of the illuminant will retain this hue provided they are of 
high reflectance in the illuminant. Samples having hues com- 
plementary to the illuminant will remain complementary in 
an illuminant provided their reflectance is /ow in it. Achro- 
matic samples will remain achromatic in chromatic illuminants 


и These are the samples most difficult to predict as samples with small saturations 
are liable to change, shifting from illuminant to after-image hue and back. 
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only if their reflectance happens to be near ‘adaptation re- 
flectance,’ otherwise they will take either the illuminant or 
after-image hues. Color constancy is thus seen to occur for 
different reasons which can all be subsumed under the general 
principle of color conversion which we shall state after dis- 
cussing the relations of lightness and saturation. 

From Table 2 it is seen that the relations of lightness and 
saturation are different on the three backgrounds and seem 
anomalous at first sight. On white and gray backgrounds, 
decrease in lightness is correlated first with decreasing and 
later with increasing saturation, while on the black back- 
ground lightness and saturation are positively correlated 
throughout. "Both of these cases are in turn at variance with 
the classical account of the saturation-intensity relation 
according to which maximum saturation is found with stimu- 
lus intensities of intermediate value? How explain both our 
own findings and the facts which have been taken for granted 
in the literature and in textbooks for years? "The answer lies 
in the relation of sample reflectance to ‘adaptation reflect- 
ance’ and the dependence of the latter on background reflect- 
ance. То these we now turn in our theory of conversion. 

The theory of conversion makes use of the experimental 
facts so far discussed and but one assumption in addition. We 
assume that in every viewing situation there is established a 
level of adaptation corresponding to a certain lightness level 
such that samples having reflectances yielding this lightness 
appear either achromatic or a desaturated purple. Samples 
having reflectances higher than ‘adaptation reflectance’ will 
take the hue of the illuminant, samples below adaptation 
reflectance take the after-image hue and samples near adapta- 
tion reflectance are either achromatic or desaturated. The 

12 F, Hillebrand, Purkinjesches Phanomenon und Eigenhelligkeit, Z. f. Psychol. u. 
Physiol. d. Sinnesorgane, Abt. 11, 1920, 51, 46-95. 

з This theory has developed out of the work at Bryn Mawr and from previous 
work of the senior author with D. B. Judd. The fundamental facts appeared in a 
study by Helson and Judd, A study in photopic adaptation, this Journal, 1932, 15, 
380—398, and in other studies referred to above by Judd and Helson. A mathematical 
formulation of the theory by Judd stated in the next paragraph in colorimetric terms 


will appear in J.0.S.4. А preliminary account by Judd appears in: Hue, saturation 
and lightness "of surface colors with chromatic illumination, ibid., 1939, 29, 260. 


Ln 
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¢ “present work with selective samples proves the validity of this 
formulation as well as the earlier work with non-selective 
‘samples. 
The concept of adaptation level must not be regarded too 
simply. Only for non-selective samples are hue, saturation, 
‘and lightness simply a function of the reflectance of the sample 
(for the chromatic illuminants) relative to adaptation reflect- 
ance. For selective samples adaptation reflectance supplies a 
basic value in the definition of achromatic point on the tri- 
angular mixture diagram with reference to which hue and 
saturation are indicated. Adaptation reflectance has been 
shown to be a function of the reflectances: of all samples in 
the field of vision, predominant weight being given to the 
background reflectance. The achromatic point, which we 
must determine anew for each sample of different spectral 
reflectance, depends chiefly upon the spectral character of the 
illuminant, upon the relation between adaptation reflectance 
and reflectance of the sample for the particular illuminant, 
and upon general level of illumination, to mention only the 
most important factors. Saturation may be regarded as a 
function of the distance of the sample point in the trilinear 
diagram from the achromatic point. Hue may be regarded as 
a function of the direction of the vector drawn from the achro- 
matic point to the sample point. 
‘The principle of conversion has related hue and saturation 


with lightness and we must now answer the question: *What . 


determines the lightness of samples in various illuminants?” 
Reports in Table 2 bring out the almost perfect correlation 
existing between reflectance of samples for an illuminant and 
lightness. | With changes of reflectance of a sample in different 
illuminants go changes in its lightness. Position of a sample 
in the reflectance column determines its position in the light- 
ness column within the limits of experimental error. If light- 
ness is a function of reflectance for an illuminant and as 
reflectance does not depend upon background, we should ex- 
pect lightness values to remain practically constant with 


E 
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changing backgrounds.“ Average lightness values for all illu | 
minants and intensities are 4.62 for white background, and 

4.85 for both gray and black backgrounds (Table 3). We, 
have here the basis for the well-known ' brightness-constancy.' . 


INFLUENCE or BACKGROUND on Hur, LIGHTNESS, AND 
SATURATION 


That hue and saturation depend as much upon background 
lightness as upon composition of illuminant and spectral 
reflectance of sample appears from Table 2. For identical 
samples have different hues and saturations when placed on 
different grounds, e.g., P 3/6 in red illumination is gB 3.5/1.0 
on white ground, Y 3.0/0.7 on gray ground, and bR 2.0/2.0 
on black ground; similarly, G 7/7 in blue illumination is gB 
7.0/4.5 on white ground, B 7.0/6.0 on gray ground and B 
7.5/5.0 on black ground. The hue of any sample is thus a 
function of the relation of its reflectance to adaptation reflect- 
ance, which depends largely on background. Owing to the 
close correlation between reflectance and lightness we may 
say, though with less accuracy, that hue is a function of 
position in the lightness-continuum taken with respect to 
adaptation lightness. As Helson 5 has previously said in 
writing of the effect of background on hue: * By its prepon- 
derating influence on adaptation level, the background can 
determine whether objects shall be tinged with illuminant hue, 
the contrasting hue, or shall lose in saturation to the point of 
achromaticity." 

The effect of background on saturation is closely linked 
with its effect on hue. On white ground dark samples are most 
saturated (in the complementary hue) while on black ground light 
samples are most saturated (in the hue of the illuminant). ‘This 
is explained by the dependence of hue and saturation on | 
adaptation reflectance and the effect of background on 
adaptation level. Since some samples gain while others lose 

м Due to lightness-contrast this statement is not, of course, strictly true if identical 
samples are compared on backgrounds of different reflectances simultaneously, We 


shall return to this point again below. 
35 Cf. footnote 10, p. 410, 
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in saturation on any given ground it is interesting to determine 
if there is a net gain on one ground over the others. From 
Table 3 it is seen that samples on black ground are on the 
` average I.I4 saturation steps higher than on white ground 
and the average for gray is 0.73 step higher than on white 
ground. Higher saturations are found on the darker grounds 
in all illuminants, as Table 3 proves, with only one exception. 
The increase in saturation on darker grounds is due to increase 
in number of illuminant hues and in their saturations at the 
expense of the complementary hues. 

Turning now to background and lightness we find that this 
dimension is least affected by background. The average 
values in Table 3 are practically identical for the three back- 


TABLE 5 
AVERAGE SATURATIONS AND Licutnesses OF SAMPLES ON A 10/0, 
A 5/о AND А о/о Bacxcrounps IN Four ĪLLUMINANTS 


Saturation Lightness 


Av. 


449 
5.16 
449 
4597 


grounds, a fact which seems to contradict the well-known facts 
of lightness contrast. When two identical samples are com- 
pared simultaneously on white and black grounds the higher 
lightness of the one on black ground is easily seen. But when 
many samples are viewed on a half-white-half-black back- 
ground the average lightness values will not be higher on the 
darker portion as Ss raise all lightness values for the samples 
on thelighterside! Under the conditions used in these experi- 
ments, that is, with samples on either White, gray, or black 
ground and with the lightness-range prescribed, Ss tended to 
assign the maximum value of 10 to the lightest sample in the 
field and ordered the remaining samples accordingly. In this 
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way the lightness-inducing effect of darker grounds is lost in 
the reports and there results an appearance of even greater 
lightness constancy than is actually present. 

But changes in intensity of illumination as well as changes 
in reflectance of background lighten or darken all samples 
simultaneously and the question arises: Do changes in general 
intensity affect lightness and saturation as much as changes 
in reflectance of background? Increase in general intensity 
from 1.4 f.c. to 135 f.c. increased average lightness from 4.50 to 
4.96. Thus 96-fold change in intensity of illumination caused . 
a change of only about one-half step in lightness so that light- 
ness constancy is here about the same as with changes in 
reflectance of background. The case is different with satura- 
tion. This range of illumination intensities caused a change 
of only 0.75 saturation steps, on the average, whereas change : 
in reflectance of background from 0.80 to 0.03 (about 27-fold 
change) resulted in an increase of 1.14 steps in saturation. If 
changes in general illumination were as effective as changes 
in reflectance of background, the 96-fold change in general 
intensity should have caused an increase of 4.9 steps instead 
of 0.75. Background lightness is thus seen to be about six 
times more effective than general intensity in effecting changes 
in saturation. 


DETERMINATION OF ÅDAPTATION LEVEL 


The determination of adaptation level is important for 
predictions involving color conversion. In assuming reflect- 
ance of background exercises preponderant influence in deter- 
mining adaptation reflectance and its associated lightness, 
which we may call ‘adaptation lightness’ (L/), Judd, and 
following him, Helson,!" have taken adaptation reflectance to 
be the weighted geometric mean of background and sample 
reflectances according to the following formula: 


А = (4-45), (1) 
where 4’ is adaptation reflectance, Ap is reflectance of back- 


р, B. Judd, Hue, saturation and lightness of surface colors, J.0.S:4., in press. 
11 Cf. footnote I, p. 453. 


16 HARRY HELSON AND VIRGINIA BALOUGH JEFFERS 


ground, and 4 is the logarithmic average reflectance of all 
samples in the field of view. To predict lightness values in 
conformity with the o—ro scale used in these experiments when 
reflectances range from 0.03 for darkest samples and back- 
ground to 0.80 for lightest, Judd proposed the following 
formula by which reflectances transform into lightnesses: 


д, d 
NA noshod eaa + D). (2) 


where 4’ is defined by formula (1) now and 4 is the apparent 
reflectance of the sample whose lightness is desired. To 
obtain adaptation lightness we substitute 4’ for A in formula 
(2) since we desire the lightness corresponding to adaptation 
reflectance or Г’. 

_ Formula (2) gave results in excellent agreement with the 
average lightness reported achromatic in a former study by 
Helson 1 with non-selective samples when 4/54" was used in 


in individual Teports are more frequent. While plots of 
saturation as a function of lightness yield curves having the 
same general form found for non-selective samples, the scatter 
18 much greater owing to longer fixation of samples and other 
factors which need to be correlated With measureable varia- 

18 Thid, ; 
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bles. At the moment we can only ‘allow’ for them by intro- 
ducing constants into the formule to accord with the experi- 
mental data. 

There are, however, certain factors in the present condi- 
tions which are measureable and account, in part, for the 
lower adaptation lightness. Chief of these is the higher 
average reflectance of the samples in the present study as 
compared with that in the previous one. Whereas the 
logarithmic average reflectance of the non-selective samples 
was 0.14, here it is 0.22 for all samples in all illuminants. For 
a given reflectance of background the presence. of a larger 
number of samples of higher reflectance will produce more 
illuminant hues and the situation is as if the reflectance of the 
background had been lowered, without this being the case, 
however. This means that the value of 4’ must be reduced 
if we are to derive values of L’ in agreement with the findings 
of the present study. 

We therefore change Judd’s formula (1) as follows: we 
take the logarithmic average of A and 40, giving unit weight 

,to each, and then multiply this by the reducing factor 0.32. 
This gives: 

А" = o.32(A4- 40). (3) 
The use of 4” in formula (2) for L' yields adaptation light- 
nesses in good agreement with average observed adaptation 
lightness as shown in Table 4.? Owing to the inversions in 


TABLE 4 j 
AVERAGE LIGHTNESS OF SAMPLES REPORTED ÅCHROMATIC IN ALL ĪLLUMINANTS AND 
ÅDAPTATION LIGHTNESS AS CALCULATED FOR Each BACKGROUND 
Calculated L/ 
(AM = o.32(4 "Agi 
4-51 
3.25 
0.00 


the data average lightness for achromaticity was taken as the 
mean of the lightnesses of the two lowest contiguous satura- 

1? Calculations for L’ are based on the following values derived from Table 2: 
logarithmic average reflectance of all samples in all illuminants, 4, is 0.22; Ap is 0,80 
for white ground, 0.24 for gray ground, and 0.03 for black ground. To solve for L’ 
in formula (2) set 4 = 4". 
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tions on white and gray grounds and as zero on black ground 
because A o/o is achromatic on A o/o ground in every il- 
luminant.?° 

The A’ formulation for adaptation reflectance with its 
associated adaptation lightness still gives predominant weight 
to background reflectance in determining adaptation level but 
allows for special factors entering into these experiments. 


TOLERANCE To CHROMATIC ILLUMINATION 


The extent to which samples may be subjected to chro- 
matic illuminants while retaining more or less of their daylight 
hues can be regarded as a measure of ‘constancy.’ Through 
the use of two apertures, one for filtered light and the other 
for lamp light of 2848° K., it was possible to mix varying 
amounts of these lights. Owing to the differences in trans- 
mission of our filters the addition of any given amount of 
lamp light to the filtered light resulted in different percentages 
of mixture: thus the use of 0.3 f.c. lamp light with the various 
filters gives the following percentages of lamp light in the 
mixtures when the illumination was 72 f.c. on sample plane 


without any filters: 8 percent in the yR, 1 percent in the nY, 


5 percent in the yG, and 68 percent in the rB illuminations. 
The higher percentages in the yR and rB compensate for the 
greater chromaticity at lower intensities of wave-lengths at 
the ends of the spectrum. Thus in spite of the greater per- 


nd rB illuminations the 


lamp light to the 
‚ А few examples will illustrate 


2 Adaptation reflectance turns out to be 0.026 on blac! 
formula (2) values less than 0.03 for 4” 


value in this case we take to be zero. 


5 k ground but owing to 
give negative values of L’. The small negative 


| 
| 


P 
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is yG but with the added lamp light it becomes gB, the yellow 
component of the illuminant disappearing while the green is 
reduced and the daylight hue becomes most prominent. The 
return to ‘normal’ is not a simple matter. Lightness and 
background reflectance come in to complicate matters. Thus 
G 3/4 in yG illumination on white ground is B, while G 7/7 is 
yG, the lighter sample holding the illuminant hue while the 
darker keeps the after-image hue. 

'The effect of background on constancy can be seen by 
following any one sample on the different backgrounds but in 
order to get a general idea of the facts let us deal in totals. 
Inspection of reports on black ground reveals fewer daylight 
hues than on white ground. Of the 180 reports on selective 
samples found in Table 5, 22 fail to contain at least one hue- 
component characteristic of the samples in daylight and of 
these 22, 12 occur on black ground as against 10 for both 
white and gray grounds. The fact that A о/о is A о/о with 
black ground in every illuminant is not an exception to our 
rule for it is the exception that proves the rule: A o/o being 
very near to adaptation reflectance on black ground, we 
expect it to be reported A o/o in homogeneous as well as mixed 
illuminations. 

We come now to a consideration of the non-selective sam- 
ples which we have left out of the discussion thus far. The 
statement is often found in the literature that "brightness 
constancy is greater than color constancy." This statement 
is extremely ambiguous as it stands for if taken in one way it 
is correct while taken in another it is incorrect. It is true 
that the lightness of both selective and non-selective samples 
undergoes less variation than hue with changes in composition 
and intensity of illumination and reflectance of background. 
It is not true that non-selective samples keep their achro- 
maticity in chromatic illuminations better than selective sam- 
ples do their hues. Exactly the reverse is the case because 
selective samples through their differential absorption of the 
components in the illuminant are able to emphasize certain 
wave-lengths and thereby their ‘own hues’ whereas non- 


. selective samples, returning the energy of the illuminant indis- 


oz 


TABLE 5 

Hue, LIGHTNESS, AND SATURATION AND APPARENT REFLECTANCE (A) or 18 Момѕелл, SaurLEs (M) їн Four Снкоматіс B 
IttuminAnts Mrxep ‘wits 0.30 r.c. Lamp Licut (2848? К.) m 
Ee 
Yellowish-Red Illumination Reddish-Yellow Illumination Е 
t 
M White - Gray Black ^ White Gray Black S 
A |] A ss] HS = 
H LfS H LS H LIS H LIS H LJS H $LIS E 
R 3/7 .263 bR 5.0/3.0 yR 5.0/6.5 R 5.5/7.0 151 bR 4.5/7.5 bR 4.5/7.0 yR 5.0/7.0 S 
“oR бо -671 yR 7.0/6.0 R 7.0/7.0 yR 7.0/9.0 4402 yR 7.0/6.0 yR 7.0/8.0 yR 7.0/7.5 ч 
R 7/6 759 RY 8.0/4.5 Y 7.5/7.5 yR 7.0/8.5 -616 yR 7.5/4.0 тҮ 7.5/7.0 rY 7.5/8.0 = 
YR 4/5 288 гҮ 5.0/2.0 гҮ 5.0/5.0 R 6.0/7.0 245 yR 5.0/2.0 TY 5.0/3.0 Y 6.0/5.0 S 
Y 5/7 271 G 5.0/о.5 BY 5.0/3.0 yR 5.0/6.0 .288 A_ 5.0/0.0 yG 5.0/3.5 YG 5.0/5.0 z 
Y 7/8 «573 Y 7.0/4.0 rY 6.5/6.0 yR 7.0/8.0 .588 I 8.0/3.5 ay 7.0/6.0 Y_ 8.0/7.0 S 
G 3/4 074 bG 2.0/3.0 bG 2.0/1.0 bR 4.0/2.0 .079 2.0/3.0 3.0/3.0 yG 4.0/4.0 ы 
С 5/7 лоо bG 3.5/7.0 G 4.0/8.0 bG 5.0/5.5 172 G 5.0/7.0 С 6.0/8.0 С 5.0/8.0 ts 
б 7/7 343 bG 6.0/4.0 bG 6.0/5.0 bR 6.5/5.0 429 7.0/6.0 ge 6.5/5.5 yG 7.5/6.0 КМ 
B 3/5 067 gB 2.0/4.0 gB 2.0/4.0 rB 3.0/3.0 073 2.0/3.5 2.5/2.0 G 3.0/3.0 5 
B 5/6 168 gB 3.5/3.0 5.0/3.0 RB 5.0/4.0 +185 BG 4.5/1.5 bG 5.0/4.0 yG 5.5/4.0 | 
B 7 :391 gB 7.0/1.5 B. 7.5/1.0 bR 7.0/5.0 446 bG 7.0/5.0 i 7-0/5.0 gY 7.5/5.0 S 

Р 3/6. # 150 rB 2.5/2.0 bR 3.5/4.0 bR 4.0/6.0 Bic] RB 4.0/5.0 R козо УК 5.0/4.5 
P 5/6 351 RB 6.0/2.5 bR 5.0/5.0 yR 7.0/7.0 273 yR 5.0/2.5 bR 6.0/3.5 TY, 6.0/4.0 үе 
pB 7/4 rB 6.0/1.0 RB 7.5/4.0 bR 6.5/6.0 405 gB 7.0/0.5 Y 6.5/2.0 gY 6.0/5.0 ЕЧ 
А 10/0 800 Е 9.0/0.5 R 8.0/3.0 R 7.0/7.5 800 Y 9.0/3.0 Y 8.0/7.0 Y 8.0/8.0 ы 
А s/o 240 £ 4.0/0.5 R 4.5/1.0 bR 5.0/6.0 +240 RB 5.0/0.5 Y 5.0/0.5 Y 5.0/4.0 E 
А о/о 030 С 0.5/3.0 GB 1.0/2.0 А 0.0/0.0 .030 rD 1.0/4.0 В 0.5/0.5 А 0.0/0.0 o 


TABLE 5—Continued 


Yellowish-Green Illumination 


Reddish-Blue Illumination 


M White Gray Black White Gray Black 
A A 
H L|S H LIS н LS н LIS H Ls H LIS 

R 3/7 1054 RB 3.5/7.5 bR 3.0/6.0 yR 3.0/4.0 072 R 3.0/3.0 R 3.0/7.0 R 4.0/6.0 
R бо 1127 bR 4.0/7.5 bR 4.5/6.5 yR 5.0/6.0 180 yR 4.0/7.0 bR 5.0/7.0 bR 5.5/7.0 
R 7/6 373 bR 7.0/3.5 rY 7.0/3.0 gY 7.0/4.5 413 R 6.0/5.5 bR 7.0/5.5 bR 7.0/5.0 
YR 4/5 +118 гҮ 4.5/4.0 rY 4.5/6.0 5.0/4.0 119 yR 4.0/6.0 RY 4.5/6.0 R 4.5/6.0 
YEST :225 rY 5.0/4.0 Y 5.0/4.5 gY 5.0/4.0 .166 гҮ 4.0/5.0 гҮ Mons Y 5.0/5.0 
Y 7/8 462 Y 7.0/5.0 Y 7.0/6.5 sy 7.0/6.0 316 гҮ 6.0/7.0 тҮ 6.0/8.0 RY 6.0/6.0 
G 3/4 105 В 3.0/2.0 bG 4005 4015.0 .093 С 2.5/0.5 bG $940 В 4.0/1.0 
G 5/7 364 bG 6.5/6.0 G_ 6.0/7.0 G_ 6.0/7.5 262 G 6.0/7.0 G_ 6.0/6.0 bG 6.0/7.0 
G 4/7 «58 yG 8.0/4.0 s 7-5[4-5 7.0/6.0 494. yG 7.0/5.0 bG 7.0/3.0 g 8.0/3.0 
B 3/5 129 В 4.0/5.5 3.5/4.0 4979 166 GB 5.0/6.0 gB 5.0/7.5 5.0/8.0 
B 5/6 138 gB 5.5/5.0 bG 6.5/7.0 G 6.0/6.5 377 B 6.0/7.0 {В 6.5/7.5 B 6.0/6.5 
Bod 573, zB 8.0/3.0 yG 8.0/3.5 yG 7.0/6.5 584 $ 8.0/5.0 8.0/4.0 B 8.0/5.0 
P 3/6 .098 B 3.5/6.0 TB 3.5/2.0 yG 3.0/0.5 135 rB 4.0/5.0 rB 45/00 RB 4.5/8.0 
Р 5/6 -238 RY 5.0/0.5 bG 5.5/0.5 yG 5.0/4.0 288 rB 5.0/5.0 TB 6.0/6.0 rB 6.0/5.5 
pB 7/4 481, gB 7.0/3.0 G 7.0/3.5 УС 7.0/5.5 531 7-5/5.0 B 7.0/5.5 B 7.0/6.0 

1o/o .8oo YG 9.5/1.0 gY 8.0/3.0 gY 8.0/5.0 .800 А 10.0/0.0 rB 9.5/0.5 RB 8.0/4.0 
А s/o +240 RB 5.0/1.0 А 5.0/0.0 yG 5.0/4.5 240 A 5.0/0.0 А 5.0/0.0 TB 5.0/5.0 
А ojo * .030 rB 1.0/2.0 RB 1.0/0.5 А 0,0/0.0 030 А 0.0/0.0 А 0.0/0.0 A 0.0/0.0 
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criminately, do not retain their achromaticity and are there- 
fore more subject to conversion." The non-selective samples 
in Table 5 are seen to lag behind the selective samples in 
returning to daylight hue. This is confirmed by adding 4.5 
f.c. lamp light to the chromatic illuminants. While this 
amount of lamp light sufficed to bring back almost 100 percent 
of the selective samples to their daylight hues it was much less 
effective with the non-selective samples, 36 percent failing to 
become achromatic in it. 

The quantitative determination of tolerance to chromatic 
illuminants, hence of constancy, is beset with the difficulty 
of drawing the line at which samples may be said to have their 
‘normal’ hues. We have seen that with as little as 0.3 f.c. 
lamp light some return to daylight hues is noticeable (Table 
5). If we take as our standard of tolerance the complete 
return of all samples to their daylight hues the amount of 
tolerance is enormously reduced for the lamp light required 
for this purpose is greater than the amount of chromatic in 
most cases. 

For practically complete return of selective samples to 
daylight hues 4.5 f.c. lamp light was necessary. Owing to the 
differences in transmission of the four filters this gave the 
following percentages lamp light in the chromatic: 120 percent 
for the yR, 17 percent for the тҮ, 167 percent for the yG, and 
1002 percent for the rB. Obviously the amount of lamp light 
admixture varies greatly for the different hues and brings out 
the fact that tolerance to chromatic components in an illu- 
minant is least for the hues which have the greatest satura- 
tions.” With the exception of the yG the reciprocals of these 
percentages follow the order of intensities necessary for maxi- 
mum saturation, violet and red requiring minimal intensities 
and yellow and green maximal. Had we used a graded series 


samples which have far greater constancy, 


? In this connection the results for after-desaturation should be noted. Cf. also 
footnote 9, 
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of admixtures of lamp light to each of the chromatic illumi- 
nants the yG illuminant would not have emerged as an ex- 
ception in all probability. On the other hand, the value for 
red would have been larger had our yR illuminant plotted 
in a longer-wave region of the spectrum (say 660 my) instead 
of at 630 my which is more yellowish-red. This would bring 

‚ our results into perfect alignment with the facts of chromatic 
valence and the greater fatigability of the red and violet as ` 
opposed to the yellow and green hues.” 


Some THEORETICAL CONCLUSIONS 


The methods employed in the present series of studies have 
been characterized by stimulation of the whole retina with 
homogeneous and near-homogeneous illuminants. In this 
way we have duplicated the classic use of stimuli of known 
composition but we have gone farther in that we have varied 
the’ conditions of stimulation by enlarging the retinal area 
subject to these stimuli and by introducing differential intensi- 
ties of stimulation between retinal regions. Our results prove 
the importance of field conditions in determining the color of 
local regions. This determination is wider than can be in- 
ferred from the classical work and theories based onit. Back- 
grounds differing only in lightness have been found to exert 
not only the classical lightness contrast but hue and saturation 
effects of even greater importance. We would expect, and 
confidently predict, that experiments employing small spec- 
trally homogeneous patches of light will yield different results 
when background (surround in the retina) is changed from 
the classic dark field to light or chromatic field. 

In a previous study in this series it was emphasized that 
underneath the various color phenomena a single mechanism 
must be functioning because effects formerly attributed to 
entirely different processes could be seen simultaneously if 

% It should be pointed out that attitude of the S has a good deal to do with the 
amount of tolerance which will be found in any case. An 5 who is set to discover as 
many daylight hues as possible will seem to have greater tolerance for chromatic 
illuminants. Color workers, to whom small color differences are important, will show 


less tolerance than Ss with the other attitude. Quantitative measurements of toler- 
ances will eventually have to provide for such differences in attitude, й 
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the right conditions were provided. The principle of con- 
version states both the phenomenological or color facts and 
at the same time indicates the mechanism by which they are to 
be explained. Let us assume, as Troland has done in his 
presentation of the trichromatic theory, that each intensity 
and composition of light beam reaching the eyes causes reac- 


tion in each of three retinal substances. Equal rates of (ће. 


three result in achromaticity and hence determine adaptation 
level. A certain hue would correspond to a higher rate and 
the after-image hue to a lower rate. Actually both rate of 
reaction of processes in the retina and ratios of rates in differ- 
ent parts of the retina must be taken into consideration be- 
cause higher saturations are found both with higher general 
intensities of illumination and with larger differential intensi- 
ties within the visual field. High rates of reaction giving unit 
ratios among the three substances result in high adaptation 
level (white) while low unit ratios yield a low adaptation level 
(dark gray or black). 

It is of minor importance whether we envisage these facts 
in terms of one color theory or another. On the basis of the 
Hering theory it is necessary to think of a given hue, which 
may arise as an illuminant hue or as a complementary hue, 
as being due in one case to ratios greater than unity and in 
the other case to ratios less than unity. This is awkward and 
so a trichromatic formulation seems at the moment preferable. 
Assuming now that hue is a resultant of the excitations of 
three color-cones or substances in the retina which respond in 
varying amount to various wave-lengths in the usual manner, 
we would expect these substances to mediate hues according 
to the rate at which they produce color materials through 
decomposition or some other physico-chemical change. Since 
rate of reaction depends on the concentration of reacting 
materials, as the reaction proceeds the concentration decreases 
and so does the rate. The faster each of these substances 
decomposes the greater its contribution to the resultant color 
but as a result less and less materials are available (up to a 


*: L. T. Troland, The Principles of Psychophysiology, 


à 1930, Vol. 2, Sensation, 189 ff., 
especially 191-193. 
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certain point without replenishment) for further decomposi- 
tion as stimulation continues. If one substance is used up 
more than the others, the latter make relatively more con- 
tribution to the seen color. With, for example, predomi- 
nantly long-wave stimulation, one of the substances, the 
R-substance, will be stimulated more by the lighter parts of 
the field than the G- and V-substances and will contribute 
more to the resultant hue. But owing to the exhaustion of the 
R-substance darker parts of the field which do not send enough 
energy to the eye to maintain a higher rate of reaction than 
that of the G- and V-processes will appear not in R-hue but in 
GV-hue. The G- and V-substances having decomposed less 
than the R-substance are relatively more sensitive. The 
lessened sensitivity of the R-substance is therefore manifested 
either in lowered saturation of R-hues or in the appearance of 
after-image hues. 

The relation of reactivity to intensity, both absolute and 
differential, explains why increase in intensity of the whole 
field results in more illuminant hues in lighter parts of the field. 
The background governs both absolute and differential intensi- 
ties very largely and thus exercises its effects. Shifting 
adaptation level is explained by reference to establishment of 
unit ratios at various intensity levels. White and black may 
be regarded most simply as high and low unit ratios. For 
vision in daylight with its rich variety of colors we assume an 
adaptation level corresponding to unit ratios between the R-, 
G-, and V-processes. Added stimulation of one or the other 
of the three substances from local parts of the field gives rise 
to local colors. The induction of black in dark parts of the 
field is explained by the lower unit ratios in these regions. 

No claim is made for the complete adequacy of the tri- 
chromatic theory or any other theory of color vision. A 
formulation is necessary in physiological terms which brings 
all parts of the visual field into intimate relations and takes 
into account the basic fact, which we have found in all our 
work, that the eye is a mechanism which responds in very 
important ways to differential stimulation. The theory of 
conversion recognizes these things and yet does not depend 
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upon any particular theory of color vision since it springs 
directly from observation. Our application of the trichro- 
matic theory to the phenomena of conversion has been merely 
for the purpose of illustrating how one of the classical theories 
can be made to explain new facts. 


SUMMARY 


Experiments involving stimulation of the whole retina with 
homogeneous and near-homogeneous illuminants and dif- 
ferential intensities in various parts of the field show that 
certain hitherto neglected factors profoundly influence hue, 
lightness, and saturation in predictable ways. We can sum- 
marize briefly: 


1. Hue, lightness, and saturation depend not only upon 
the composition and intensity of light from an object but fully 
as much upon the reflectance of background and other objects 
in the field of vision. 

2. Through its effect on adaptation level the background 
may induce the illuminant hue or the after-image hue on the 
sample, depending upon the reflectance of the sample. Ef- 
fects of backgrounds differing only in lightness are thus seen 
to be wider than classic laws imply, for hue and saturation are 
affected by reflectance of background as well as lightness. 

3. Selective samples have greater constancy in chromatic 
illuminants than non-selective samples as the latter tend to be 
tinged more easily either with the hue of the illuminant or its 
complementary while the former tend to keep their daylight 
hue if their dominant wave-length is present even as a minor 
component in the illuminant. 

. 4 The hue of selective samples in strongly chromatic 
illuminants which are not homogeneous tends to be a mixture 
of daylight hue and the hue resulting from conversion in 
homogeneous illuminants. : 

К 5! The effects of chromatic illuminants depend upon the 
distances of the illuminant points in the color mixture diagram 
from the white point. Illuminants having hues characteristic 


of the ends of the spectrum (red and blue-violet) give the 
greatest chromatic effects and after-effects, 


\ 


» 
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6. Constancy of object color or tolerance to chromatic 
illumination is not predictable from the hues of sample and 
illuminant alone. It depends chiefly upon reflectance of 
sample and background, dominant wave-length of the illumi- 
nant, and attitude of the observer. : 

7. A revised formula was found necessary for adaptation 
reflectance to meet the conditions in the present study. It 
yields values of adaptation lightness in good agreement with 
observation. 

8. The bearing of certain results in this study on previous 
work and theories has been pointed out and the importance 
of the eye as an organ that responds primarily to differential 
stimulation receives new confirmation. 


(Manuscript received July 5, 1939) 


A CONVENIENT AND PRACTICAL MEANS FOR 
STUDYING LIGHT AND COLOR MINIMA 
IN ANY PART OF THE RETINA 


BY C. E. FERREE AND G. RAND 
From the Research Laboratory of Physiological Optics, Baltimore, Maryland 


The special purpose of this paper is to describe an attach- 
ment to the Ferree-Rand Perimeter for determining light and 
color minima in any part of the field of vision. The descrip- 
tion is accompanied ‘by a discussion showing the need and 
usefulness of the attachment. It has also been our wish in 
the preparation of the paper to contribute to a broader and 
better general understanding of the importance and practical 
value of studying the sensitivity of the retina to light and 
color. The most direct and important application of this 
study is at the present time, and perhaps always will be, in the 
medical field. 

Three methods have been used to study light and color 
sensitivity: the light and color minima and light and color dif- 
ferences; the limits of sensitivity (the perimetric method); and 
the light minimum for the discrimination of detail. 

I. The Light and Color Minima and Light and Color Dif- 
ferences.— These methods are customarily used to measure 
light and color sensitivity in central vision. They have not 
been used for practical work in peripheral vision because of 
the lack of a suitable and feasible means of presenting at all 
points in the field of vision a stimulus whose intensity can be 
varied. "The results obtained may be expressed in various 
ways. In the use of spectrum light in scientific work we have 
been accustomed to make the specification in radiometric or. 
energy units (watts or ergs). In the use of white light and 
colored light obtained from filters and pigment surfaces this 

_ is notfeasible because of the difficulty of excluding the invisi- 
bleradiations. In these cases the specification has been made 
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in photometric terms, ¢.g., brightness of test surface (milli- 
lamberts, etc.), illumination of test surface (foot-candles, 
meter-candles, etc.), amount of light entering the eye (lumens 
per total area or unit area of test surface). 

2. The Limits of Sensitivity (the Perimetric Method) —In 
this method, the one customarily used to study sensitivity in 
peripheral vision, the points farthest from the center of the 
field are determined at which a given stimulus is visible. In 
the minimum or threshold method, on the other hand, the 
intensity is determined at which a given stimulus is visible 
at a given point in the visual field. The latter method is the 
older and without doubt the logical procedure; the former 
may be regarded as an indirect and substitute procedure, in 
many respects a poor one. j 

Among the shortcomings of the method of limits, the 
following may be noted. 

(a) Comparatively few points of the retina can be tested 
and the location of these points is determined by the visibility 
of the stimuli used. As the method is used at present, the 
only means available for producing changes in the limits of 
sensitivity are changes in the size of the stimulus and in its 
color and brightness relation to the background (1). With 
neither of these is.it feasible or conveniently possible to make 
a very wide survey of the sensitivity of the retina. In using 
the method of limits the examiner has therefore to be content 
with a very meager knowledge of the functional condition of 
the retina. Too often he is not able to test sensitivity where 
the test is most needed. Indeed, handicapped as we have 
been by having only the method of limits at our disposal, we 
do not even know with certainty what are the most important 
points at which the test should be made, for example, for 
detecting different pathologic conditions and for differentiat- 
ing between them. Even a brief consideration of the struc- 
tural and functional differences from center to periphery of 
the retina in the various meridians and of the variety of 
disturbances that may occur will disclose the gross inadequacy 
of the method of limits as the sole test procedure and the very 
great advantage of adding to it the method of minima where 
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more detailed knowledge is needed. It is not difficult to 
understand that very little knowledge can be obtained of the 
sensitivity of the retina by mapping the field with stimuli of 
one, two or three sizes, particularly in case of the form field— 
little more, so to speak, than could be had of the details of-a 
large country by travelling along its coast line or passing 
around its boundaries. 

(b) Even with the improvements that have been made in 
perimetry, the method of limits is at best a rough means for 
detecting loss of sensitivity and one that varies a great deal 
in its delicacy for this purpose in different parts of the retina. 
This is due to the amount of difference there is in sensitivity 
at points separated as little as 1 deg. in the field of vision. 
We select 1 deg. here because changes in the limits of less than 
I deg. are not ordinarily detected. The delicacy of the 
method, therefore, can be judged by the loss of sensitivity 
that is required to change the limits by 1 deg. This varies 
greatly, for example, from center to periphery, being in gen- 
eral comparatively small in the paracentral portion, larger 
in the mid region and very large towards the far periphery. 
It is very great indeed around the blind spot and ordinarily 
very large around the borders of scotomas. A very great loss 
in sensitivity would have to be experienced around the blind 


spot, for example, to displace its margin as much as 1 deg. It. 


is just in these locations where the method of limits is most 
deficient that great delicacy and high sensitivity of method 
are needed in the most important application of the method, 
namely, the study of pathologic conditions. There is no limit 
however to the sensitivity of the method of minima other than 
is imposed by the means which are used to produce the changes 
of the intensity of the stimulus. There is no limit at all when 
the intensity of the stimulus can be changed in continuous 
series. Е 

As showing the variation in the intensity of stimulus that 
is required to change the limits of sensitivity by 1 deg. in dif- 
ferent parts of the field of vision, Table 1 has been prepared. 
In this table the change in the minimum per deg. of the visual 
field is shown for three spectrum colors—red (670 mp), green 
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(522 my) and blue (468 my). "These data are taken from a 
previously published study (2) of color minima carefully de- 
termined at near-lying points from center to periphery in two 
meridians, specified in terms of watts X 107? entering the eye. 
At any of these points it will be remembered that the func- 
tional condition of the retina can be tested by the method of 
minima within the limits of delicacy of a just noticeable - 
change of sensation. 

(c) The method of limits has in general from the beginning 
been characterized by inaccuracy and variability of result, a 
fault so serious as formerly to have rendered the method prac- 


TABLE r 


DIFFERENCES IN THE INTENSITY ОЕ THE STIMULUS У/нтсн Give Limits AT PornTs 
SEPARATED BY І DEG. FROM CENTER TO PERIPHERY OF THE VisUAL FiELD 


Red (670 my) Green (522 my) Blue (468 mp) 
i - i i i- i Region Exam-| Change in 
Region em | Cni. [Red res Dee | Color Mint | ined, 180 Deg | Color Mini- 
Temporal mum per Temporal mum per Temporal mum per 
Meridian Degree Meridian Degree Meridian Degree 
(Deg.) (watt X10713) (Deg.) (watt X10715) (Deg.) (watt X 1071!) 
5-10 14 5-10 0.4 5-10 LI 
20-25 41 20-25 3-3 30-35 á 2.0 
30-35 20.6 35-40 40 50-55 84 
60-65 69.9 48-50 15.0 75-76 90.7 
65-70 127.4 50-51 370.0 76-77 725-4 
80-82 328.8 59-61 715.0 78-80 2135.9 
85-87 2630.4 63-65 4720.0 83-85 2700.1 
87-88 5425.2 87-88 3465.8 


tically worthless, particularly in the applied fields. Studies 
of factors and the development of improved methods, controls 
and instruments have done much in the way of correction in 
later times, and the study of the visual field by this method 
has now become standard practice. But the method is too 
often not successful in practical work because accuracy of 
result can be secured only by an amount of care greater than 
many examiners are willing to give. A point in question is 
the determination of the limit with a moving stimulus. Ac- 
ceptable accuracy of result cannot possibly be obtained in this 
way. A good control of fixation cannot be had with a moying 
stimulus and without a good control of fixation accuracy in 
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the determination of the limit is not possible. Further, 
accuracy in the determination can not be had without a proper 
control of the brightness of the preéxposure, particularly in 
case of the color limits. A moving stimulus may be used to 
make a rough determination of the limit, but the final deter- 
mination should be made with a stationary stimulus and 
proper precautions as to fixation, preéxposure and exposure. 
In the method of minima, on the other hand, the exact point 
at which the result is to be obtained is known in advance, and 
the determinations, therefore, can and naturally are made with 
the proper conditions of preéxposure and exposure and with 
proper control of fixation. It is quite clear that inaccuracy 
and variability of result are inherent in the method of limits 
and can be avoided only by an amount of care and caution that 
many examiners are not willing to give. ` 

Perhaps the most serious fault of the method of limits, as 
it is now used, is the examiner’s inability to make the test 
where he wishes. Examples of the need of full freedom in 
this respect in the medical field are the early stages of detach- 
ment of the retina and during the course of reattachment, all 
disturbances in the central, paracentral and mid-peripheral 
portions of the retina, early stages in the disturbance in all 
parts of the retina and all cases of advance or recession of the 
disturbance. The complete adequacy of the threshold method 
in all such cases and the serious inadequacy of the method of 
limits should be clear to everyone. Examples of the need for 
freedom in other fields vary with the problem under study and 
are too numerous to mention here. 

Recognizing the usefulness of both the method of limits 
and the method of minima, we have devised the attachment 
to the Ferree-Rand Perimeter (3) described in this paper. By 
means of this attachment both the light and color minima can 
be easily and conveniently determined at any point in the field 
and the method of limits can be extended to include the use of 
stimuli of different intensities in a continuously graded series. 

3. The Light Minimum for the Discrimination of Detail.— . 
Sensitivity to light may be measured directly or in terms of 
its relationship to the seeing of Objects; that is, either the 
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light minimum may be determined or the minimum amount of 
light required to discriminate detail in objects. Both pro- 
cedures have significant and practical value. However, if 
light sensitivity is measured directly, its relationship to the 
seeing of objects can not be quantitatively inferred; nor can 
the effect of differences in light sensitivity in different indi- 
viduals or at different ages, of change in light sensitivity due 
to adaptation, or of disturbances due to pathologic conditions 
on the power to see objects be correctly inferred from deter- 
minations of the light minimum. The special usefulness of 
the direct measurement of these effects in the testing of fitness 
for various kinds of work and types of ocular performance is 
obvious. So far as we know, the method has not been suffi- 
ciently used in the study of eye diseases to show whether it 
has any very great differential or diagnostic significance. ` 
However, quite apart from this it is our belief that it should 
be included in every important program for the study of the 
characteristics of eye diseases. Where it is of advantage to do 
so, this method can also be used for the study of sensitivity 
to colored light and light tinged with color, or light having a 
dominant hue. 

For the application of this method the Projector devised 
by us and manufactured by Bausch and Lomb Optical Com- 
pany is admirably adapted. For a description of this Pro- 
jector and a discussion of its use in determining the light 
minimum for the discrimination of detail, the reader is referred 
to “Testing fitness for night flying: visual acuity,” Archives of 
Ophthalmology, 1938, 20, 58-79. The work done with the 
instrument in relation to night flying at the School of Aviation 
Medicine, Randolph Field, may also be of interest (4). 


AN ATTACHMENT TO THE FERREE-RAND PERIMETER FOR 
DETERMINING Іаснт AND Coton Minima 


This attachment is in the form of a lamphouse so con- 
structed that it can be easily substituted for the lamp and 
housing originally supplied with the perimeter. The purpose 
of the attachment is to provide a means of varying the in- 
tensity of illumination on the perimeter arc in continuous 
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change from zero to full without altering the color or composi- 
tion of the light or the size, shape or position of the illuminated 
area. The essential features of the attachment are a source 
of light of adequate intensity to give the range needed, a 
housing of suitable size and shape, a mechanical means or 
specially designed shutter for varying the intensity of the 
light, a diffusing plate or other diffusing means both to elimi- 
nate completely the shadows that would otherwise be pro- 
duced by the shutter and to give an evenly distributed and 
well diffused illumination of the test object and its surround- 
ings, and a filter to correct the artificial light to daylight 
quality. 

A photograph of the attachment in position on the peri- 
meter is shown in Fig. т. At the right of the photograph is 
given an enlarged drawing of the attachment, side section 
elevation. 

The shutter consists of four vanes which extend across the 
opening of the lamphouse in such relationship to each other 
that when their flat surfaces are parallel to the beam of light, 
the maximum amount of light passes through the opening and 
when they are rotated to a position at right angles to the 
beam, the light changes in continuous series from full intensity 
tozero. The shutter is so actuated as to cause the contiguous 
vanes to turn in opposite directions. This insures that the 
variation of intensity is not accompanied by a shift in the 

. position of the illuminated area or of change in its size and 
shape as would be the case if the vanes all moved in the same 
direction. The vanes are painted flat black. 

In various models of the shutter different means of actuat- 
ing the vanes have been employed. In the model shown in 
Fig. 1, to each vane is fastened along its longitudinal axis a 
shaft one end of which passes to the outside of the housing. 
Mounted at the outer end of each of these shafts are small 
cogwheels or gears which mesh with each other. The cog- 
wheels are turned by means of a small knob on the end of a 
pointer or indicator attached directly to the shaft of one of 
the vanes. When the cogwheels are turned through go deg. 
the vanes pass from the position of full light to complete ex- 
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tinction and the pointer passes over a graduated scale which 
indicates the illumination of the test object in foot-candles. 
For the convenience of the operator in working on either side 
of the instrument, duplicate scales and pointers are provided 
on each side of thelamphouse. In order to eliminate slack or 
backlash in the gears and to provide an adjustment for wear, 
two gears are used at the end of each shaft, the purpose being 
that one shall be advanced just enough from the position of 
the other that all slack or looseness in the system shall be 
eliminated. To provide for this adjustment a short arc- 
shaped slot is cut near the edge of each outer gear through 
which a set-screw passes to the inner gear. In making the 
adjustment, the set-screw is loosened, the position of the outer 
gear advanced and the set-screw tightened. When positioned 
so that all looseness or slack in the transmission is eliminated, 
the setting of the vanes in any desired position can be made 
with great accuracy and precision. 

For a later model, a simpler means was devised which is 
located within the housing and also is entirely free from slack 
or backlash. This is in the form of a thin plate with a central 
longitudinal slot through which pass the axle pins at the end 
of the vanes. Above and below it in alternate sequence, are' 
short vertical slots which engage pins suitably positioned at 
the ends of the vanes. The indicator which passes over the 
scale is attached to the end of the axle of one of the vanes. 
When this indicator is moved along the scale, the contiguous 
vanes rotate in opposite directions as is desired. 

As mounted on the lamp arm of the perimeter, the attach- 
ment remains in fixed relationship to the perimeter arc at all 
positions of rotation of the arc. However, unlike the original 
device, it illuminates uniformly an arc of only 7o deg., the 
breadth of the tangent screen; therefore, the housing is pro- 
vided with a swivel mount so that it can be turned on its 
vertical axis in order to illuminate the test object through 
the required 180 deg. of arc. . 

With this attachment the light and color minima can be 
quickly and'easily determiried at any point in the visual field. 
Also the field and the blind spot can be mapped for light and 
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color at different levels of illumination. This latter feature 
greatly increases the number of points in the field that can be 
tested by the method of limits, giving a much greater range 
and versatility in this respect than are given by variation in 
the size of the stimulus and its relation to the background. 
The attachment is inexpensive to make and easy and con- 
venient to operate. 


боме PRELIMINARY RESULTS 


As already indicated, the attachment described can be used 
either for the determination of the light and color minima or 
as an auxiliary equipment to give different levels of illumina- 
tion in the use of the method of limits for the study of the 
visual field. For convenience the latter will be discussed 
first. 

I. As auxiliary equipment in the use of the method of 
limits the following are some of the points that may be noted: 

(a) The form and color fields may be mapped at different 
levels of illumination. This is of value in two ways. In the 
first place it provides a means of testing the functional condi- 
tion of the retina at as many points from center to periphery 
as may be desired. This is possible because the controls 
provide for changing the illumination in continuous series; 
thus intensities of illumination can be found which will cause 
the limits of sensitivity to change by as large or as small 
amounts as may be wanted. In the use of the method of 
limits in this way evidence as to pathologic disturbance, for 
example, may be found roughly in an inspection of the rela- 
tionship between the limits obtained for the intensities used, 
or more accurately by a comparison of the results with pre- 
determined norms or critical values for the limits for whatever 
intensities are selected for the purpose. In this connection 
it may be noted, however, that the method of limits does not 
provide as sensitive a means for testing the functional condi- 
tion of the retina as the light and color minima for, as already 
shown, in some parts of the retina it requires very great losses 
of sensitivity to produce a change of 1 deg. in the location of 
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the limit. In Fig. 2, is given a field map showing the limits 
for blue (Hering pigment paper) obtained at different intensi- 
ties of illumination. The range of change of intensity is 
greater than that provided with the attachment described, but 
the results serve to show the possibilities of testing the func- 
tional condition of the retina at different points by varying the 
intensity of the illumination. 


Fic, 2. Testing the functional conditi 
center to periphery by the method of 1; 
blue stimulus under 51, 17, 7, 3 and .03 ft-c of illumination. 
exposure were chosen in each case of 
the limit of sensitivity. 


? ion of the retina at different points from 
imits. Field maps showing the limits for a 1-deg. 
"The background and pre- 


In the second place, a knowlédge of the breadth of field 
‘under different intensities of illumination has considerable 
value in relation to vocational fitness. 


For example, a test 
of the breadth of the field at one inten 


sity alone is a very 
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inadequate check of the fitness of an aviator even for day 
flying and has very little value as a test of his special fitness for 
flying at night or under low illumination. 

(b) The functional condition of the retina may be tested 
at different points in any given meridian, in any segment of 
that meridian, or in any part of the retina. As contrasted 
with the minima, the method in this case is to set the illumina- 
tion at a given value and find the point in the field which is 
the limit of sensitivity for the stimulus used, instead of select- 
ing a point in the field and finding the least amount of light 
that will render the stimulus visible at that point. Since the 
illumination can be changed in continuous series, a means is 
thus provided for determining as many limits in a given 
meridian or in a given sequence as may be wanted. In using 
the method of limits in this way, the results could be expressed 
in the form of a curve in which degree of eccentricity in the 
field would be plotted against intensity of illumination. In 
this case diagnosis, for example, would be made either by an 
inspection of the shape of the curve or by a comparison with 
previously determined norms or critical values. Again atten- 
tion should be called to the fact that the method of limits is, 
for the reasons given in (a), not nearly so sensitive nor, with- 
out an enormous amount of work, so comprehensive as the 
method of minima for detecting changes in the functional 
condition of the retina, particularly in those portions of the 
retina where a test method having a high degree of delicacy is 
needed, namely where the gradient of sensitivity is steep such, 
for example, as in the extreme periphery of the field, around 
the blind spot and ordinarily around scotomas. 

(c) The intensity control provides an additional means of 
adding sensitivity to the use of the method of limits for detect- 
ing disturbances which may cause a general contraction of the 
field, sector or regional cuts in the field, enlargement of the 
blind spot, or scotomas. Even with the addition of this | 
‘means, however, the method of limits has much less sensitivity 
than the method of minima. 

2. As providing for the direct determination of the light 
and color minima at any point in the central and peripheral 
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the light quickly readjusted and the stimulus exposed at the 
new intensity for І sec.—the procedure being repeated until 
the exact amount of light was determined at which the stimu- 


Foot-candles 


Degrees Eccentricity 


Fic. 5. The minimum for blue from center to periphery of the field of vision, 
Curves for the limiting and median values of a group of nonpathologic observers 
(broken lines) and for an early case of glaucoma (solid line) in the 30-deg. upper 
temporal meridian. Stimulus 1 deg. blue on gray (reflection factor 9.6 percent). ^ 
Degree of eccentricity plotted against foot-candles of illumination. . 


lus was just seen. A practiced examiner operating the in- 
tensity control with one hand and manipulating the preéx- 
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posure card with the other can make these determinations 
very easily and quickly—much more easily and quickly than 
might be supposed. 

The brightness of the preéxposure and surrounding field 


[" 5 10 15 20 25 30 35 40 45 50 
Degrees Eccentricity 


Fic. 6, The minimum for blue from center to periphery of ision. 
, Curves for the limiting and median values of a phas F: E за 
(broken lines) and for a case which has not yet been diagnosed as pathologic (solid line) 
in the 30-deg. upper temporal meridian. Stimulus I-deg. blue on gray (reflection 
factor 9.6 percent). Degree of eccentricity plotted against ft-c of illumination. This 
figure has been prepared to show the irregularities that may be found in the eden in 
Some cases in which a diagnosis of pathologic disturbance has not yet been made. 
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were the same as we have recommended and used in perim- 
etry; that is, for the colored stimulus it was the same as that 
of the colors and for the colorless stimulus it was black. The 
reasons for making this choice of preéxposure and surrounding 
field have been fully discusssed in previous papers (5). Both 
the colored and the colorless stimuli subtended a visual angle 
of 1 deg. This is regarded by us as in general the best size to 
use. Where a still higher degree of sensitivity is desired, a 
smaller stimulus may be employed. ' 

For the colorless stimulus a gray (reflection factor 8.5 
percent) was chosen. For this choice the following reasons 
may be offered: (a) If a white stimulus were used the deter- 
minations would all be made at much lower intensities of 
illumination. Work at these lower intensities would be in- 
convenient, particularly for clinic work, also would cause the 
determinations for the light minimum to be made at a state of 
adaptation unduly different from that for the color minima. 
With the use of the gray stimulus chosen the determinations 
of the light and color minima are made at more nearly the 
same levels of adaptation—as nearly the same perhaps as it is 
possible to provide considering the way in which the deter- 
minations are made. (b) The gray stimulus requires a greater 
change in the amount of light to render it just visible from 
point to point іп the visual field than a white stimulus. There- 
fore, the use of the gray stimulus gives the method of minima 
greater delicacy for picking up differences in sensitivity at 
different points in the field as measured by the amounts of 
light required to make the stimulus visible at these points. 
In other words, the use of the gray stimulus amplifies or 
magnifies the measuring scale. (c) The use of the gray 
stimulus does not require such fine changes in the setting of 
the intensity control. The use of a white stimulus, for exam- 
ple, would require such small changes in the setting of the 
control as to introduce undue and unnecessary difficulty both 
in the construction of the attachment and in its operation. A 
control which would produce such fine changes as would be 
required for a white stimulus and at the same time cover a 
range from О to 7 ft-c would be intricate in construction and 
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infeasible for clinic work. The use of the gray stimulus, on 
the other hand, renders the simple device we have described 
amply adequate on all these points—range of intensity 
covered, delicacy or sensitivity in making the determination, 
and ease of operation. 

In Fig. 3 are given curves showing the minima for red, 
green and blue (Heidelberg pigments) and the gray stimulus 
previously mentioned. These results are for a single non- 
pathologic observer chosen as being as nearly representative 
as any we have ever examined. The minima are expressed in 
terms of ft-c falling on the pigment stimuli used. These 
results are given, it should be remembered, as illustrating 
those that may be obtained with the attachment to the 
Ferree-Rand Perimeter which we have described, and are 
intended only to be regarded as representative of conditions 
which are feasible for practical work. In previous papers 
have been given results obtained by us showing the sensitivity 
gradient from center to periphery in two meridians (2) and 
obtained under our direction in eight meridians (6) for red, 
green, blue and yellow. In both cases spectrum colors, 
filtered to give still greater purity, were used and the minima 
measured in energy units. Such results may be regarded as 
representative of the best type of scientific conditions of work 
and as having absolute value. 

In Fig. 4 are given curves of the limiting and median 
values of the light minima from center to periphery for a small 

` group of nonpathologic observers and, by way of comparison, 
the results for two cases of glaucoma? These determinations 

2 Glaucoma has been selected for representation here because it is one of the most 
common. causes of blindness and one that is attended by wide and varied disturbances 
in the light and color sensitivity of the retina, the mapping of which is one of the most 


important aids to the diagnosis of the disease and to the detection of its advance or 


recession (7). The disease is in general characterized by increase of intraocular tension 
Or pressure which progressively destroys the functions of the retina. The disturbance 
usually begins in the region of the blind spot and in the far periphery on the temporal 
side of the retina. From these locations the disturbance spreads irregularly, presenting 
complicated patterns that make the disease Particularly interesting from the stand- 
point of the study of the visual field, Fortunately the disturbance reaches the center 
of the field later, often at an advanced stage in the development of the disease. 


Theories differ as to the cause of glaucoma. The increase of intraocular tension 
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were made in terms of foot-candles falling on the gray stimulus 
previously noted and the results converted into millilamberts 
for the sake of a more independent and more nearly absolute 
specification of the stimulus. : 

In Fig. 5 are given curves of the limiting and median values 
of the minima for blue for a small group of nonpathologic ob- 
servers and, by way of comparison, the results for a case re- 
ferred to us as an early stage of glaucoma. This case showed 
a contraction of the field, also a Bjerrum scotoma ? for a У deg. 
blue stimulus but not for 1 deg.—the size of stimulus used in 
making the determinations for the minima. The marked 
deviations and irregularities in the curve for the minima will 
be noted, particularly the very high values of the minima in 
the region of the Bjerrum scotoma. ) 

Figure 6 has been prepared to show the irregularities that 
may be found in the minima in some cases in which a diagnosis 
of pathologic disturbance has not yet been made. Whether 
these irregularities are due to the presence of more than usu- 
ally large or dense blood vessels or to some other nonpathologic 
cause, or whether they should be regarded as indicating a very 
early stage of pathologic disturbance, we are not at this time 
prepared to say. The more striking irregularity in the case 
shown occurs, it will be noted, in the region of the blood- 
vessels emerging from the blind spot. This, it will be remem- 
bered, is also the region of the Bjerrum scotoma. 

In the introduction we have given what we believe to be a 
fair evaluation in general of the possibilities of the use of the 
method of limits and of the light and color minima in field 


seems to be due to a disturbance in the balance between the amount of fluid entering 
the eye and drained from it. Some are inclined to think that glaucoma may be present 
_ in cases where there is no detectable increase of intraocular tension, or at least no history 
of increased tension; others, that such cases although they may show disturbances in 
the visual field similar to those found where there is increased tension should not be 
classed as glaucoma. In any event it would be very difficult to explain the variety and 
complication of pattern of the areas of disturbance found in glaucoma and their dif- 
ferences from person to person and from time to time as an effect of pressure. 
- The Bjerrum scotoma is an arc-like extension of the upper or lower border of the 
normal blind spot, the directional tendency of which is to encircle the paracentral 
field of vision. It was claimed by Bjerrum to be one of the earliest signs of glaucoma, 
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study. There remains to give a brief discussion of the value 
of the latter method in the present stage of development of 
clinic field study. While the use of the light and color minima 
opens a promising field for future development and should be 
of great service to the forward-looking clinic worker, its value 
at present doubtless is in supplementing the method of limits 
in cases where a more detailed study is wanted. The pro- 
cedure used by many in examining a new case would probably 
be first to block out the situation roughly with the method of 
limits and then to use the light and color minima to complete 
the study where more detailed information is wanted. The 
most important service will probably be in the great sensi- 
tivity which the method of minima provides for detecting 
small changes in a disturbance, advance or recession, at the 
more critical and significant points in the field. Such uses of 
the minima do not require a prior establishment of norms and 
critical values and are, therefore, immediately available. In 
general it may be said too that in all phases of field study by 
the use of the minima, there is less dependence ona comparison 
with norms and critical values than there is in the method of 
jimits. The showing made on the minima by pathologic dis- 
turbances in the peripheral retina is so great as to leave little 
doubt of their presence without a meticulous comparison with 
norms or critical values. In this respect there is a similarity 
to the certainty that is afforded by a sector cut in the field in 
the use of the method of limits. From all these considerations 
we believe that any competent and serious worker in clinic 
field study will readily see the advantage of having as part of 
his equipment the attachment for determining the light and 
color minima and for making perimetric and tangent screen 
studies at different levels of illumination. 

The value and convenience of the attachment for certain 
types of research work and for laboratory and teaching work 
are equally obvious. The perimeter and its attachment makes 
of the study of light and color sensitivity a new subject and 
one that is readily available to every laboratory. It makes 
easily possible a wide range of studies in the peripheral field of 
vision not only of light and color sensitivity, their distribution 
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and gradients, but also of visual acuity and the effect of such 
factors as adaptation, intensity of light, etc. on these func- 
tions. At present, we scarcely need point out the peripheral 
field of vision is jungleland waiting to be explored and brought 
into scientific relationship with central vision. 

With both the method of limits and the method of minima 
made more readily available for the purpose for which each is 
best suited and with the perimeter and its tangent screen 
standardized for the control of variable factors and provided 
with every known means for adding accuracy and delicacy in 
the use of the method of limits, together with the central vision 
scotometer (8) and the spectro-radiometric light and color 
sense tester and rotary campimeter (9) described in previous 
papers, we feel that a very great deal has been done, perhaps 
about all that can be done at this time, to render the study of 
the visual field complete, convenient and accurate. 


SUMMARY 


The following methods have been used to measure light 
and color sensitivity: (1) The light and color minima and 
light and color differences. These methods are customarily 
used to measure light and color sensitivity in central vision. 
They have not been used for practical work in peripheral 
vision, however, because of the lack of a suitable and feasible 
means of presenting at all points in the field a stimulus whose 
intensity can be varied. (2) The limits of sensitivity (the 
perimetric method). In this method, the one customarily 
used to study sensitivity in peripheral’ vision, the points 
farthest from the center of the field are determined at which 
a given stimulus is visible. In the minima or threshold 
method, on the other hand, the intensity is determined at 
which a given stimulus is just visible at a given point in the 
field. The latter method is the older and without doubt the 
logical procedure; the former may be regarded as an indirect 
and substitute procedure, in many respects a poor one. (3) 
The light minimum for the discrimination of detail. The 
usefulness of this method in testing fitness for various kinds of 
work and types of ocular performance is obvious. So far 
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as we know, it has not yet been used to a considerable extent 
in clinic work, but we believe it should have a place in every 
comprehensive program for the study of the characteristics of 
eye diseases. 

The shortcomings of the method of limits are discussed. 
Perhaps the most serious fault of the method is the examiner's 
inability to make the test where he wishes. Examples of the 
need of full freedom in this respect in the medical field are the 
early stages of detachment of the retina and during the course 
of reattachment; all disturbances in the central, paracentral 
and mid-peripheral portions of the retina; early stages of the 
disturbance'in all parts of the retina and all cases of advance 

' or recession of the disturbance. The complete adequacy of 
the method of minima in all such cases and the serious in- 
adequacy of the method of limits should be clear to all. 
Examples of the need for freedom in other fields vary with the 
problem under study and are too numerous to mention here. 

In recognition of the usefulness and need of the method of 
minima as well as the method of limits, an attachment to the 
Ferree-Rand Perimeter is described by means of which both 
the light and color minima can be easily and conveniently 
determined at any point in the field and the method of limits 

‘extended to include the use of stimuli of different intensities 
in a continuously graded series. Some preliminary deter- 
minations of minima made with this attachment are given to 
show sensitivity gradients for light and color from center to 
periphery and variations in these gradients which may be due 
to pathologic disturbances and other causes. A discussion is 
also given of the uses of the attachment as supplementary 
equipment for the study of the visual field by the method of 
limits., 

The attachment is convenient and easy to use and can 
be readily substituted for the lamphouse of the perimeter. 
It has particular value (1) in all cases (a) where a more de- 
tailed study is needed than can be made with the method of 
limits; (b) where a means more sensitive than is provided by 
the method of limits is needed for detecting differences in 
sensitivity or changes in sensitivity from time to time—e.g., 
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pathologic disturbances or advances or recessions in these dis- 
turbances; (c) where quantitative knowledge is wanted of the 
relationship of the sensitivity in the central retina to the sensi- 
tivity at any point in the peripheral retina or between different 
points in the peripheral retina, and the effect of adaptation on 
these sensitivities and relationships. This opens up a new field 
for both scientific and practical studies; (4) where knowledge is 
wanted of the limits of the field of vision under different 
intensities of illumination and the effect of adaptation on these 
limits. One example of this need is in testing the peripheral 
vision of night flyers; and (е) where an extension of the 
versatility of the perimetric method is wanted beyond what 
is given by variation in the size of the stimulus or in its color 
and brightness relation to the background. And (2) in a 
systematic study of the characteristics of eye diseases as the 
most thorough means of showing what parts of the retina are 
apt to be affected. 


(Manuscript received July 20, 1939) 
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IMPLICIT OR PARTIAL REVERSION-ERRORS: A 
TECHNIQUE OF MEASUREMENT AND ITS 
RELATION TO OTHER MEASURES OF 
TRANSFER? 


BY ELSA M. SIIPOLA 
Smith College 


INTRODUCTION 


This investigation concerns primarily certain methodo- 
logical problems involved in the direct study of phenomena of 
“transfer proper,’ the actual carry-over of acts or items from: 
an earlier performance to a later one.. Such phenomena are 
to be distinguished from ‘transfer-effects,’ the effects of 
transfer as shown in speed of performance or rate of learning.? 
The cases to be dealt with here are those in which acts trans- 
ferred from the earlier performance constitute errors in the 
later performance. The type of transfer involved here, 
transfer of a previously learned act to a later situation in 
which it is inappropriate, will be designated reversion.’ This 
term will be used to refer specifically to phenomena of transfer 
proper. The terms negative transfer and interference will be 
used, in the customary manner, to refer to transfer-effects. 

Reversion, as defined, can be dealt with experimentally and 
can be measured directly only by reference to actual reversion- 

1'This is part of an investigation presented to the Faculty of the Graduate School 
of Yale University in partial fulfillment of the requirements for the degree of Doctor 
of Philosophy in psychology. - The writer is indebted to Professor Donald G. Marquis 
under whose direction these studies were made. 

1 The distinction between transfer proper and transfer-effects has been utilized re- 
cently by Woodworth. Woodworth, R. S., Experimental Psychology, New York: 
Holt, 1937. Рр. 176 ff. 

+ 3 The term reversion, denoting actual relapse or going-back to an earlier perform- 
ance, seems the most acceptable English equivalent for the terms used commonly in 
the German literature, Rückfall and Riickfalligkeit. Regression, in both German and 


English, is specific to the terminology of psychoanalysis in which it refers to broader 
phenomena of personality in relation to concepts of more primitive stages in development. 


53 


54 ELSA М. SIIPOLA 


errors. Measures of transfer in terms of trials or time are 
indirect measures at best since they deal only with possible 
effects of reversion-phenomena as reflected in rate of learning 
or speed of performance. 

Direct measurement of reversion has been accomplished 
only crudely by counting the frequency of overt reversion- 
errors. By this procedure reversion has been restricted ex- 
perimentally to, include only complete, literal reproductions 
of previous acts or items. A primary difficulty has arisen 
from the fact that such complete reversion-errors occur very 
infrequently.! However, even in experiments in which few 
or no overt reversions have occurred, other evidence has 
commonly indicated that a strong reversion-tendency was 
operating without being reflected in the measures used. In- 
vestigators have commonly noted the occurrence of such 
phenomena as preliminary starts toward execution of the 
earlier performance, erasures and corrections of first responses, 
and verbal comments reporting a ‘change of mind’ during 
the course of a response. Further evidence for the presence 
of a tendency to revert is found often in tense postural 
rigidity and increased verbalization, both of which reflect 
the excessive expenditure of energy by means of which the 
subject usually succeeds in avoiding overt reversions. 

The hope of dealing directly with reversion seems to rest, 
then, _upon the possibility of providing opportunity for 
reversion-phenomena, which are ordinarily implicit or not 
reflected in the measures used, to appear in recordable form. 
It must be made possible to identify experimentally those 
phenomena, notably the partial reversion-errors, which are 
truly Teversions but which do not reach the gross level of 
complete, literal reproductions of the earlier performance. In 
order that quantitative measurement of reversion be attained, 
there must be developed a means of treating gradations in 

4 Preliminary experiments with verbal materials showed a negligible number of 
complete reversion-errors. For other evidence on this point see: Schwarz, G., Uber 


Rickfalligkeit bei Umgewóhnung, Psychol. Forsch., 1927, 9, 86-1 58; 1933, 18, 143-190. 


Siipola, E. M., and Israel, H. E., Habit-interference as dependent upon stage of 
learning, Amer. J. Psychol., 1933, 45, p. 226, 
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degree of reversion-error in addition to mere frequency of 
occurrence. 

An attempt to devise an apparatus and a technique ade- 
quate to the detection and measurement of partial reversion- 
errors is reported here. A method of measuring reversion 
directly, incorporating the technique devised, is proposed. 
The relation of the proposed direct measure to reaction-time 
measures of reversion is determined by application of the 
present technique to an experimental situation in which 
direct'comparison of the different measures is possible. 


APPARATUS AND GENERAL METHOD $ 


The following requirements, which seem essential to the detection and measure- 
ment of partial errors, were taken into account in the design of the apparatus and the 
choice of a technique. First, the responses utilized must be of a kind which can occur 
in varying degrees of accuracy and completeness—they cannot be simple reactions of 
all-or-none character. In the present apparatus extended manual movements of a 
lever through an open, circumscribed area to certain terminal positions were utilized 
to meet this requirement. Second, a complete and detailed record of each response 
must be obtainable in order to measure the degree of accuracy or completeness. By the 
system of recording devised here a complete tracing of the path of movement for each’ 
reaction was secured. Third, there must be available a number of separate, com- 
parable responses, Assignment of a specific terminal position for each separate re- 
sponse provided a whole system of comparable movements identifiable according to 
the radial direction of the lever-movement. The present experimental situation in- 
volved learning to respond with a particular movement to each of a set of visual stimuli, 
in the manner of code-learning. Fourth, the experimental situation in general must 
favor the occurrence of reversion-errors. The following provisions contributed toward 
this end: choice of a simple, rapid movement, likely to become relatively involuntary; 
presence of the open area allowing freedom of movement; complete unawareness on 
the part of the subject that his movements were being recorded. 

Experimental Situation —The subject was seated in a separate compartment from. 
which none of the recording mechanisms or connections were visible, Directly in 
front of him at table-height was the horizontal reaction-plate through which the mov- 
able lever projected upward (Fig. 1). Above the center of the plate and at eye-level 
was an exposure aperture through which the visual stimuli appeared. 

The flat reaction-plate was made of thick hard rubber, cut out to provide an open 
semicircular reaction-area within which the lever could move freely. The straight 
(10 in) diameter toward the subject was broken at the exact center by a narrow channel 

` which served as the starting position for each reaction. Along the curved periphery of 
the semicircle were 20 regularly spaced radial slots providing equidistant terminal 
positions for the different reactions. 


5 The writer is indebted to Professor Harold E. Israel of Smith College for assist- 
ance in the design and construction of the apparatus. 
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The lever, a quarter-inch brass rod with rubber handle, extended vertically seven 
inches above the plate and had its fulcrum fixed directly below the starting position. 
"The lever was pivoted through a slit in a heavy transverse axle, this suspension serving 
as a universal joint to allow free radial movement in all directions, At the extreme 
positions (in the radial reaction-slots) the lever was inclined 73° from the vertical. 
Within the reaction-slots the extent of movement was only 5°, allowing freedom 
throughout most (68°) of the course of each reaction-movement. Such an area of 
free movement was an essential feature of the present technique which involved the 
detection of variations in the paths of movement for the identification of partial 
reversion-errors. 

"Throughout, the task of the subject was that of learning to respond with a different 
reaction-movement to each of a set of visual stimuli, a set of such movements with 
their associated stimuli constituting what might be called a ‘motor code, For each 
reaction the sequence of events was as follows: At a ready signal the subject moved the 
ever from a resting position to the starting position, automatically sounding a buzzer 
upon arrival. After an interval of two seconds the stimulus was exposed by the 
opening of a shutter. As quickly as possible the subject reacted by moving the lever 
to the appropriate reaction-slot. Arrival at the end of the reaction-slot sounded 
another buzzer which was the signal for returning the lever as quickly as possible to the 
starting position, Each complete reaction included, then, movement from the starting 
position to the end of a reaction-slot and back to the starting position. 

In order to standardize the procedure and timing during the learning of the motor 
code, a mechanical means for prompting was provided. The channel which included 
the starting position extended toward the subject and widened into an open prompting 
sector with contact-points arranged along its arc. Bringing the lever into contact 
with the point marked for a given stimulus revealed, by illumination from below, the 
designation of the appropriate reaction-slot. In order to discourage continued reliance 
upon prompting, a delay of five seconds before prompting would occur was mechani-, 
cally provided. 

Exposure and. Timing Devices.—Exposure of the stimuli was controlled by a disc 
shutter behind the aperture in the screen facing the subject. Opening of the shutter 
by the experimenter automatically closed a circuit to start a Springfield Timer. Re- 
turn of the lever to the starting position automatically closed the shutter and stopped 
the timer. Thus the reaction-time for a single reaction was always measured from the 
exposure of the stimulus to the return of the lever to the starting position. For con- 
venience in handling the large number of stimuli required for an experimental setting, 
lists were prepared and attached to a Chicago type memory drum placed behind the ex- 
posure aperture and operated manually. 

Method of Recording—The system of recording was designed for the essential 
purpose of producing a single, two-dimensional copy of the original movements, a type 
of record easy to read and simple to interpret. A literal tracing of each reaction- 
movement was obtained by means of a system of direct mechanical connections between 
the extended lower end of the reaction-lever and a distant writing point. Through a 
parallelogram of connections, two dimensional components of the lever movement were 
transmitted to a single writing point Which traced on a flat surface a copy of the 
reaction-movements. The connections were linen cords, one leading from the lever in 
the transverse direction directly to the writing point, and the other leading forward to 
a fixed pulley on a transverse shaft from which another cord led back to the writing 
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point (see Fig. т). Counter-weights were applied to balance the system and to produce 
equal ease of movement in all directions. 

For the detection of partial errors, it seemed highly desirable to provide a recording 
device which would be more sensitive to movement near the starting position than to 
movement near the terminal slots. Radial movement of a lever was chosen with a 
view toward securing conveniently such differential sensitivity. By reduction of the 
three-dimensional movement at the end of the lever to the two-dimensional movement 
of the writing point over the flat recording surface, a record was obtained in which 
increments of lever-movement from the starting position were represented by distances 
whose values followed the sine of the angle of inclination. The adjustment was such 
that one degree of inclination from the vertical starting position was represented at 
the writing point by a distance precisely three times that which represented one degree 
of inclination at the terminal slots (near the horizontal). By making the distance 
between lever and writing point relatively large (60 in) in comparison to the radius of 
the lever (5 in), distortion of the true sine-function was reduced to an insignificant 
factor (less than 0,5 percent at its maximum). 

This design for the recording system placed severe demands upon the writing 
mechanism which had to be capable of extremely free and rapid movement of relatively 
great extent. In recording a single reaction the minimal excursion of the writing point 
was five inches, and a complete reaction (excursion and return) occurred commonly in 
less than one second. The device finally adopted was a mechanical pencil loaded with 
indelible lead and marking upon ordinary white roll-paper; the indelible lead moved 
smoothly over the surface with little friction and it left a tracing which could be made 
permanent by steaming. The pencil was held upright by a light wooden planigraph 
structure delicately pivoted to allow maximal freedom of movement. 

In accordance with the essential design for obtaining a direct copy of the reaction- 
movement, a record which would remain stationary during the tracing was prescribed. 
Jt was necessary, however, to find some means of separating the outward excursion 
from the return movement and of separating successive reactions. The means adopted 
was that of producing a quick shift of the paper, timed automatically to occur at the 
moment when the lever completed an outward movement at the end of a reaction-slot. 
The shift was accomplished by the use of a typewriter carriage operated by the release 
of a weight when the lever made contact with the end of a slot. The record paper (9 in 
wide) was led across a ground-glass recording surface and on through the typewriter 
carriage. The glass Боге:а permanent ‘map’ corresponding in terms of the record to 
the entire area of the reaction plate, and it was illuminated from below to enable the 
experimenter to follow the position of the lever at all times. 

| The kind of record obtained сап be described most conveniently by reference to 
Fig. 2 representing a sample of two complete reactions in succession. In the record, 
the starting position is at the top of the straight vertical lines which represent move- 
ments along the narrow channel of the plate. At the left, the first long line curving 
upward represents the first outward movement to one of the reaction slots. From the 
terminal point the short, straight, transverse line marks the shift of the гесогі-рарег. 
From the right end of the shift-line the tracing of the return movement descends to the 
starting point, now in a new place on the record and separated from its former place by 
the distance of the shift. The record of the next reaction to a different reaction-slot 
starts from this point. 


The reading and analysis of the records was accomplished by placing the tracings 
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over the accurate ‘map’ on the ground-glass recording surface, This map had been 
constructed from actual tracings of the lever movements along a ruler placed on the 
plate in the direct path from starting position to each of the reaction-slots. Thus any 
slight constant distortion in the recording could not be reflected in measurement of the 
tracings. For matching each tracing to the points on the map, the vertical lines repre- 
senting movement in the narrow channel and the position of the terminal point provided 
means of precise alignment. Measurement of variations in the paths of movement 
from the direct path could be made readily in terms of angular units. The reliability 
of the recording system could be judged by tracing numerous reaction-movements 
without shifting the record; repeatedly moving the lever along direct paths (along a 
ruler on the plate) gave single, superimposed records with no appreciable error. 
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Fic. 2. Sample record representing two complete reactions (34 size). SP, 
Starting position; M1, Mz, outward reaction-movements; Ат, R2, return movements; 
S, shift of record. 


Tue EXPERIMENT 


The present experiment was designed to provide conditions 
favorable to the occurrence of habit-reversion so that the 
adequacy of the technique proposed for the direct measure- 
ment of reversion-errors could be tested. The primary pur- 
pose was the establishment of the validity of the assumptions 
basic to the new technique introduced, namely the proposals 
that partial errors are prominent phenomena of habit- 
reversion, and that by application of an appropriate technique 
reversion-errors can be reliably recorded and measured to 
yield a sensitive measure of reversion-tendencies. Provision 
was made for securing data of a type to which the standard 
indirect measures of reversion by reaction-time could also 
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be applied since the value of introducing a new technique of 
measurement must rest upon its possessing greater sensitivity 
or other qualities superior to those of measures already 
available. i 


Procedure. —The subject learned the simple place-habit of moving the lever to a 
certain reaction-slot, designated by a Roman numeral, when a certain Arabic number 
was presented as the stimulus, Ten stimulus-numbers (1-10) and ten of the reaction 
slots (every other one) were used; the slots were labelled (I-X) in regular ascending 
order beginning at the left. 

In the first task, Task A, the subject was required to move the lever in each case 
to the slot designated by the Roman numeral corresponding directly to the stimulus- 
number. In each trial a single stimulus-number was exposed (¢,g., 4), and the task of 
the subject was simply that of moving the lever as quickly as possible to the numerically 
equivalent reaction-slot (e.g., IV). 

In the succeeding task, Task B, the conditions remained the same except for change 
of the responses assigned to two of the ten stimuli. The subject was directed: (а) when" 
the stimulus 3 appeared, to move the lever now to VII rather than to III; (6) when the 
stimulus 8 appeared, to move the lever now to IV rather than to VIII; (c) for all of the 
other stimuli, to respond as before by moving the lever to the slot with numerically 
equivalent designation. It should be noted that slots IV and VII were now assigned 
each to two stimuli; although implied in the instructions, this point was not called 
specifically to the subject’s attention. 

The change of only two items within a ten-item code was chosen because this 
arrangement had been shown in preliminary experimentation to favor the production 
of reversion errors and because the use of only two critical items simplified greatly the 
task of analyzing the records. The choice of the particular items made the critical 
ones involved the following considerations. In order that the movement assigned in 
Task B should be easily distinguishable from that previously assigned in Task A, the 
two slots assigned to each critical stimulus were chosen to fall in different halves of the 
reaction-area, separated by 72° in each case. In order that reversion-errors should be 
represented by movements in both directions, the critical stimuli and slots were so 
chosen that reversion to the previous movement would involve movement to the right 
in the case of one stimulus and to the left in the case of the other. 

i Experimental Series.—For Task A the experimental series consisted of 75 reactions 
with the stimulus-numbers arranged in random order. The numbers 3 and 8 each 
appeared 15 times to insure a reasonable degree of training for these critical items. 
Stimuli 4 and 7 each appeared 10 times to provide data on the normal paths of movement 
to slots IV and VII, the slots assigned to the critical stimuli in Task B. The remaining 
stimuli were used to complete the series of 75 trials. 

A Жш к nie ma consisted of 50 reactions again in random order. 

T 5 assigned new responses, appeared each 10 times to 
provide adequate opportunity for reversion. The numbers 4 and 7, which now shared 
assignments of slots IV and VII with the critical stimuli, appeared each 6 times. The 
remaining stimuli were used to complete the series of 50 trials. 
бес ^s Es ыш remained exposed until the subject closed the shutter 

y е return of the lever to the starting position. "The ready-signal for 
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the next trial followed immediately. An interval of three minutes separated the two 
tasks, and this interval was occupied completely by the giving of the instructions for 
Task B. 

Subjects. —Fifteen subjects, all right-handed, served in the experiment. They were 
Smith College students selected at random from a large introductory class in psychology. 

General Instructions.—At the beginning of the experiment the subject was given 
careful directions for the use of the apparatus, including the manner of holding and 
moving the lever and the sequence of movements to be made for each reaction. Pre- 
liminary practice trials were provided, ten for each reaction-movement to be used. 

Certain features of the general instructions were important in connection with this 
experiment. The subject was told that the experiment concerned speed of reaction 
and that his time-score would be told him after each trial. The subject’s interest was, 
thus, entirely centered upon arriving at the assigned slot with greatest possible speed. 
It was also of extreme importance that all subjects remained completely unaware of the 
fact that a record of the paths of movement was being made. (The subjects were all 
women and confirmed the common notion that the sex is completely lacking in curiosity 
concerning mechanical devices.) Double responses were effectively prevented by 
instructing the subject that once he had made contact in a reaction-slot (to sound the 
buzzer) his choice for that trial was completed and he was to return directly to the 
starting position. Partial errors and corrective movements were, therefore, limited to 
the phase of the reaction preceding the decisive contact. Asa result of the instructions, 
then, the subject concentrated upon speed and was completely oblivious to any sig- 
nificance of the paths of movement followed through the free area. The fact that 
complete, overt errors in the choice of a reaction-slot were not called to the subject’s 
attention reinforced the emphasis upon speed at the expense of accuracy. 


REsuLTs 


The Direct Measurement of Reversion in Terms of Errors. — 
The analysis of the results will be primarily concerned with 
the reactions to the two critical stimuli 3 and 8 for which the 
assigned movements were changed from III and VIII in Task 
Ato VIIandIVin Task B. Deviation of the critical reaction- 
movements in Task B in the direction of the paths previously 
learned was the aspect selected for measurement as a basis for 
detecting the presence and the strength of reversion-tendency. 
For each critical reaction the deviation of the recorded path 
was measured in terms of the angle formed by a line repre- 
senting the direct path to the correct slot and a line from 
the starting position through the point of widest excursion 
toward the previously learned path. 

In addition to measuring the deviations, it was necessary 
to establish, for the reaction movements (VII and IV) newly 
assigned to the critical stimuli in Task B, the limit of deviation 
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under normal conditions. Norms were obtained from the 
reaction-paths to slots VII and IV in Task A by measuring 
the deviations in the critical direction and calculating the 
goth percentile score-values.5 Both norms so calculated were 
identical in value, 19.8°. Reactions to the critical stimuli in 
Task B were, therefore, regarded as significantly influenced 
by reversion when they deviated in the reversion-direction 
beyond 19.8°, the limit established for normal reactions. 
Before presentation of the quantitatitive treatment of 
reversion-errors, the nature of the reversion-movements them- 
selves deserves brief mention. The experimental situation 
was such that the errors were major distortions in the path of 
movement, extending well along toward the reaction-slots, 
rather than minor tremors or hesitations near the starting 
position. ‘The records indicate clearly that under the particu- 
lar conditions the subject started immediately and moved so 
rapidly into the free area that any movement-tendency regis- 
tered itself as an extended path. It is, therefore, highly 
unlikely that partial errors occurred without being readily 
detectable in the record.” Although there were minor varia- 
tions, the paths containing partial reversion-errors in almost 
all cases (98 percent) followed a smooth path directed toward 
the reversion-slot and then shifted, either abruptly or by a 
swinging curve, toward the path into the correct slot. The 
complete absence of compromise-movements and the extreme 
infrequency of oscillating, conflict-movements is striking. 
'The consistency in the manner in which the reversion- 
tendency manifested itself in this experiment may be a func- 
tion of the particular conditions, or the consistency and the 
° The type of norm desirable here should represent the limit beyond which errors 
seldom occur. For normal distributions the inter-percentile range having minimal 
error is that between the 6.9 and the 93.1 percentiles, as has been shown by Kelley, 


T. L., Statistical method, New York: Macmillan, 1924, p. 75. Since the present dis- 
tributions were skewed, the goth percentile score-value was adopted as a sufficiently 
close approximation. 

f 1 That the character of the movements and the errors was determined by the speed 
of reaction possible to the subject is amply supported by data showing that the character 


of normal movements is predictable from the d. of readii ti ible 
to the subject, ore iness or preparation possi 
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form of manifestation may be more broadly characteristic of 
reversion-phenomena. 
Figure 3 presents the distributions of the extents of devia- 
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Fic. 3. Percentages of the reaction-paths which show various degrees of deviation 
(plotted in 18° intervals) toward the reversion-path located at 72°. 


tion from the direct path measured in the critical direction. 
For both critical reactions, IV and VII, the normal paths 
of movement during the original learning of Task A deviated, 
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in a large majority of the cases, only within 18° of the direct 
path. The mean extent of deviation for these normal reac- 
tions of Task A was relatively small, 6.1° for reaction IV and 
7.4° for reaction VII. For Task B, with the same reactions 
now assigned to new stimuli, the ranges and shapes of the 
distributions are clearly different. Here fewer than half of 
the reactions remained within 18° of the direct path, and the 
remaining cases were distributed among successively more 
distant intervals with a peak in the region of the reversion- 
path (72°) where the distributions end abruptly. The mean 
extent of deviation for these critical reactions of Task B was 
relatively large, 32.9° for reaction IV and 32.8° for reaction 
VII. 

The point of greatest interest in the distributions of Fig. 3 
is the establishment of the fact that in a reversion-situation 
errors in the direction of the reversion-movement occur in all 
degrees with the frequency of the partial errors greater than 
that of the complete, overt reversions. This is even more true 
than is evident from the diagram since a considerable number 
of the cases which appear at the interval containing the rever- 
sion-path are actually cases of partial error corrected before 
the completion of the reaction. 4 

The percentages of reactions significantly influenced by re- 
version, as indicated by comparison with the norms estab- 
lished for the same movements in Task A, are presented in 
Table 1. The treatment of the results is that of grouping 
together all of the reactions to each critical item of the code 
rather than that of combining averages for individual sub- 
jects, since the former procedure seemed clearly more perti- 
nent. Figures in the total-column include all cases of reac- 
tions for which the path deviated in the critical direction 
beyond 19.8°, the limit established for the variability of nor- 
mal movements. Under complete errors are included all reac- 
tions which terminated at the reversion-slot, either entered the 
slot precisely (sub-class, precise) or entered the immediately 


8 The difference between the distributions for the two reactions is due to the 


different proportions of complete and partial reversion-errors in the two cases. бее 
Table 1. 
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adjacent slot (sub-class, adjacent). Under partial errors are 
included all reactions which terminated in the correct slot but 
deviated en route in the critical direction beyond the normal 
limit. 

Comparison of the total percentages of significant devia- 
tion in the two tasks shows clearly the influence of reversion. 
In Task B half or more of the reaction movements were 
significantly distorted. The critical ratios for the differences 
between the two tasks are 9.2 for reaction IV and 8.4 for 
reaction VII. Analysis of the results for each of the individual 
subjects confirmed the presence of strong reversion-tendencies; 
for all but one of the fifteen subjects the proportion of sig- 
nificant reactions was in Task B far above the norms of Task A. 


TABLE 1 
РЕКСЕМТАСЕЅ ОР Reactions SHOWING DEVIATIONS or SIGNIFICANT EXTENT 
TOWARD Reversion-PaTus 


Totals of Complete Errors 
Errors Precise Adjacent 
Task A IV 150 10.02-2.4 0.0 0.0 10,0 
VII 150 10,0+2.4 0.0 о.о 10.0 
Task B IV 150 53.7341 6.7 5.3 41.7 
VII 150 50.02-4:1 18.0 d 28.7 


The most striking point in the results presented by Table 1 
is the large proportion of partial reversion-errors in contrast 
to the relatively small number of complete reversions. Ap- 
proximately two-thirds (68 percent) of all of the significant 
errors were partial errors, whereas only about one-fourth 
(24 percent) were complete reversions of the precise type.? 

The difference which appears in Task B between the two 
reactions in regard to the relative proportions of partial and 
complete reversion-errors has important bearing upon a rela- 
tionship which appeared again commonly in later studies. 

* The relative proportion of partial and complete errors is, naturally, a function 
of the particular experimental conditions. That the present conditions favored com- 
plete errors was shown by later similar experiments in which slightly changed condi- 


tions (shifting all ten items of the code) produced much higher proportions of partial 
errors, as high as 98 percent. 
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Reaction IV showed a much higher proportion of partial errors 
and a much lower proportion of complete errors. The pro- 
portion of the total number of reversion-errors (both partial 
and complete) in relation to the number of normal reactions 
remained, however, practically identical for the two critical 
reactions. This suggests the existence of a complementary 
relationship between partial and complete reversions. If such 
a relationship exists commonly, the measurement of strength 
of reversion-tendency in terms of only one of the types of 
error is obviously unsound. In the case of the present experi- 
ment, certainly, it would be concluded on the basis of com- 
plete errors only that a stronger reversion-tendency was 
present in the case of reaction VII, whereas an opposite 
conclusion would be reached on the basis of partial errors. 
Consideration of both types of error leads to the conclusion 
that the reversion-tendency was equally strong in the two 
cases.!? 

The results considered so far have been those for only the 
two critical items of the code, those involving changed assign- 
ments in Task B. It was apparent in the records that the 
effects of the reversion-tendencies in Task B extended to the 
reactions to two of the non-critical stimuli, 4 and 7. As in 
the case of all non-critical stimuli the reactions assigned to 
stimuli 4 and 7 remained the same throughout both tasks, but 
in the case of these two stimuli their assigned reactions were 
also assigned in Task B to the critical stimuli. Except in the 
cases of 4 and 7, the reaction-movements for the non-critical 
stimuli showed no appreciable disturbance in Task B. 

The results for stimuli 4 and 7 in Task B show clearly dis- 
tortions which are not mere inaccuracies or diverse disturb- 
ances; the movements tended distinctly to depart from the 
correct path into the direction toward certain specific reaction- 


10 Introspective comments suggest a reason for the difference in the proportions of 
partial and complete reversions for the two critical reactions. When the assignment 
for stimulus 8 was changed to IV, the subjects evolved a simple formula, “8 is now one- 
half of VIII, or IV,” which operated quickly enough to prevent overt entrances into 
slot VIII but did not check in time preliminary starts toward this slot. ‘The numerical 


relation between stimulus 3 and its changed assignment VII was not adaptable to such 
a simple formulation, and in this case the reversions tended to be complete. 
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slots. Reaction-movements for stimulus 4 deviated toward 
slot VIII, and those for stimulus 7 deviated toward slot III. : 
These deviations represent movements toward slots whose 
assignment to these two non-critical stimuli would have been 
complementary to the actual assignment in Task B of slots 
IV and VII to the critical stimuli 8 and 3. Since the errors 
were as specifically directed as were those for the critical 
stimuli, the paths of reaction to stimuli 4 and 7 could be 
measured and analyzed in the manner already used for the 
critical stimuli. These results are presented in Table 2. 

The results show that for these non-critical stimuli the 
percentages of significant errors are of about the same order of 
magnitude as those for the critical stimuli, differing reliably 


TABLE 2 


PERCENTAGES OF REACTIONS TO STIMULI 4 AND 7 SHOWING DEVIATIONS OF SIGNIFICANT 
Extent Toward Paras VIII anp Ш 


Totals of Complete Errors. х 
Reaction | oN | copes, ————T1— — Bart 
Errors Precise Adjacent 
Task B* IV 90 40.65.2 5.6 33 31.7 
VII 90 48.95.3 8.9 6.7 33.3 


* Results for Task A are those presented in Table 1. 


from the results for normal reactions of Task A. Critical 
ratios for the differences between the two tasks are 5.3 and 6.8 
for reactions IV and VII respectively. The differences be- 
tween the results for the critical and the non-critical stimuli 
are statistically unreliable, indicating that the strength of the 
inter-task influence is of the same order for both types of 
stimuli. | 

Despite the similarity in quantitative aspects, the inter- 
task influences upon the reactions to the critical stimuli and 
those to these non-critical stimuli involved seemingly opposed 
mechanisms. In the case of the critical stimuli, the errors in- 
volved actually going back to the previously learned mode 
of reaction; for the two non-critical stimuli, the errors involved 
departure from, rather than return to, the previous mode of 
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reaction, even though the reactions previously learned re- 
mained the correct ones. The mechanism in the latter case 
seems to involve what might be described as a tendency for 
items, closely related to those in which changes are specifically 
required, to be influenced toward change in the direction of 
producing in the new habit a consistent system of reactions 
closely parallel to the system previously learned. The phe- 
nomena here raise serious difficulties for the explanation of 
reversion in terms of the separate, specific items of association 
theory or conditioning. The phenomena are essentially 
systemic in nature and are more readily assimilable to theo- 
retical concepts of systemic trace-formation in learning. 
Practically, and from the point of view of methodology, the 
phenomena are extremely important since gross measures of 
transfer-effect are as much influenced by these indirect 
phenomena as by direct, literal reversions. 

- The Direct Measurement of Reversion in Terms of Errors as 
Related to Indirect Measurement by Reaction-Time.—The sug- 
gestion that a direct relationship should exist between the 
extent of deviation from the direct path (and hence the length 
of the path traversed) and time required for a given reaction 
is an obvious one. Such a direct rectilinear relationship was 
found in examining the results for Task A. "The relationship 
in the case of Task B proved, however, to be curvilinear with 
reactions deviating about half way toward the reversion-path 
consuming the longest times. The general trend of the 
relationship for the critical stimuli in Task B can be shown by 
plotting the mean reaction-times against the extents of the 
deviation in the critical direction, as is done in Fig. 4. (That 
the curves of this figure are truly representative is confirmed 
by analysis of the results for each of the individual subjects.) 
The correlation-ratios between the two variables are relatively 
low. 

The clue to an understanding of this curvilinear relation- 
ship lies in the identification of the reactions characterized by 
її X, reaction-time variable; Y, deviation-variable. 


Stimulus 3i nay = 494.04 туғ = .40 + .05 
Stimulus 8: n4, = .48 + .04; туғ = .34 + .05. 
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the different times. The findings of an analysis of the results 
are, in brief, that the shortest reaction-times were characteris- 
tic of both the normal, correct reactions and the complete, 
overt reversions—the cases showing most clearly the absence, 
on the one hand, and the presence, on the other hand, of 
reversion-influence. For both of these types of reaction the 
mean reaction-time was the same, 1.5 seconds, and the ex- 
treme drop at the two ends of the curves of Fig. 4 is produced 


O-- Reaction IV, Stim. 8 
20 @— Reaction Vil, Stim 5 
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Fic. 4. Mean reaction-times for reaction-movements involving various extents of 
deviation toward reversion-slots located at 72°. 


‚Ьу the presence at those points of reactions of these two types. 
The longest times were characteristic of reactions involving 
partial reversion-errors and falling in the intermediate region 
of the curves. The mean reaction-time for all reactions show- 
ing significant partial errors was 1.8 seconds. It might be 
expected that the longest times would have occurred naturally 
in connection with partial errors deviating to the widest extent 
and falling just to the left of 72° on the curves. The peak 
actually appears nearer the center of the curves as a result of 
influences (such as the greater absolute speed associated with 
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wide-swinging movements) working against the factor of mere 
length of the path traversed. 

These findings point to the conclusion that reaction-time 
alone is not a direct index of the strength of reversion-influence 
upon any given reaction. A true reversion-movement may 
have either short or long reaction-time in dependence upon 
whether the reversion produces 4 complete or a partial error. 
Reaction time, as a gross measure applied to a whole series of 
reactions in a second task (as is the common practice), may, 
in certain favorable instances in which partial errors pre- 
dominate, reflect reversion-influence as an increase in time 
required, Р 

The preceding analysis has been made in terms of the 
separate reaction-movements for all subjects. Information 
concerning the relation of the two measures when applied to 
the results for individual subjects is available from a compari- 
son for each subject of the frequency of reversion errors with 
reaction-time (in relation to normal speed in Task A). The 
results show a relatively low positive correlation (7 = .39 

+ .10) between the two measures. That even this low cor- 
relation-figure does not picture adequately the actual relation- 
ship of the two measures as applied to particular individuals 

„is evidenced by the facts that among the subjects showing 
least increase in reaction-time were three with the very highest 
percentages (90 percent to тоо percent) of reversions, and that - 
among subjects who showed a decrease in time (positive trans- 
fer-effect) were three with more than half (60 percent) of their 
reactions involving reversion-errors. That the time-scores - 
were primarily influenced by the proportion of partial errors | 
is shown by the fact that almost all subjects showed an in- 

| Crease in reaction-time for stimulus 8 (for which partial errors 
greatly outnumbered complete errors) whereas only half of the 
subjects showed an increase for stimulus 3 (where partial 
errors were less predominant). "Throughout the analysis of 
the individual results the direct measure of reversion-errors 
showed itself to be more sensitive in revealing specific rever- 
sion-effects than was the time-measure. 
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Of final interest аге the figures obtained by calculating for 
this experiment the gross measures of transfer-effect. Calcu- 
lation of the transfer-effect in terms of the mean reaction-time 
for all 50 reactions of Task B in comparison to the mean 
reaction-time for all 75 reactions of Task A gives a result of 
zero transfer since the means were identical (1.5 sec.) for the 
two tasks. Calculation of the transfer-effect in terms of 
merely the reactions to the critical stimuli gives the result — 7 
percent, a low index of negative transfer-effect in consideration 
of the fact that more than half of the reactions included were 
previously shown to constitute reversion-errors. (It is of 
interest to note that the amount of negative transfer-effect for 
the non-critical stimuli 4 and 7 was higher—13 percent.) If, 
for the reactions to critical stimuli, extents of deviation 
(reversion-error) were to be substituted for the time-figures, 
the percentage indicating negative transfer-effect would reach 
383, an absurd value from the point of view of the range of 
results conventionally obtained by this method of calculation. 
It is obvious that reaction-time is, in the case of this experi- 
ment at least, merely a gross product reflecting the influences 
of various factors combined in such fashion that important 
reversion-effects may be almost completely masked. 


SuMMARY 


On the assumption that phenomena of habit-interference 
might be more adequately understood through direct study of 
reversion-errors than by measurement of gross transfer-effects, 
an attempt was made to devise an apparatus and a technique 
appropriate to the recording and measuring of reversion- 
errors. It was considered essential that implicit or partial 
errors, as well as overt or complete reversions, be detected and 
subjected to measurement. Code-learning involving simple 
manual habits was employed, and a direct mechanical means 
for recording literally the paths of reaction-movements was 
provided. 

Application of the technique in a simple experimental 
situation requiring change of habit demonstrated clearly the 
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adequacy of the methods for recording and measuring 
reversion-errors. The sensitivity of the technique was such 
as to reveal reversion-influence, predominantly manifested as 
partial errors, in more than half of the critical reaction- 
movements. The importance of including partial errors in 
measuring reversion was demonstrated by the fact that, under 
the conditions of this experiment which actually favored overt 
reversions, more than two-thirds of all the reversion-errors 
produced were of the partial type. Furthermore, results for 
different reaction-items indicated that the greater the fre- 
quency of partial errors, the lower the frequency of overt 
reversions. This finding suggests a complementary relation- 
ship between the two kinds of errors and makes questionable 
the common practice of inferring the strength of reversion- 
influence from the frequency of overt reversions alone. A 
supplementary point of both theoretical and methodological 
importance was the finding that reversion-influence may ex- 
tend beyond the critical reactions (changed in the second task) 
to other closely related reactions and may produce upon such 
non-critical items effects as great as those upon the critical 
reactions themselves. 

Comparison of the direct measures of reversion (in terms of 
extent and frequency of errors) with indirect measures based 
upon reaction-time showed only low positive correlation be- 
tween results obtained by the two types of measurement. For 
the separate reaction-movements the relation between extents 
of Teversion-error and reaction-time was definitely a curvi- 
linear one with the longest times occurring in connection with 
partial errors and with the shortest times equally characteristic 
of both complete overt reversions and normal, correct reac- 
tions. In all of the comparisons made, the reaction-time 
measures showed themselves inferior in detecting the rever- 
sion-phenomena present and less sensitive in revealing the 
magnitude of reversion-influence. Calculation for the results 
of this experiment of the usual gross measure of transfer-effect 
in terms of reaction-time showed zero, rather than negative, 
transfer-effect; calculation based upon only the critical reac- 
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tions, more than half of which involved definite reversion- 
errors, gave the low figure — 7 percent indicating a negligible 
amount of reversion-influence. It is obvious from these 
comparisons that only under certain favorable circumstances 
will reaction-time reveal the presence of reversion-phenomena, 
and that the adequacy of methods for measuring the strength 
of reversion-influence by reaction-time is highly questionable. 


(Manuscript received July 8, 1939) 
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THE CONCEPTION OF THE TRUE PATH AND 
EFFICIENCY IN MAZE LEARNING * 


BY A. Q. SARTAIN 
Southern Methodist University 


It is a matter of common observation that if one learns a 
stylus maze with vision excluded he usually builds up some 
sort of a conception of the true path of the maze. It might be 
supposed, furthermore, that one learns in proportion to the 
clearness and accuracy of this conception. The present study 
is an attempt to test the validity of that supposition. The 
study will raise such questions as the accuracy of the concep- 
tion after learning is complete; how the conception functions in 
the process of learning; and whether a conception arrived at as 
a result of map study is as valuable as an equally accurate one 
arising from actual experience in the maze. 

Materials Used.—The stylus maze used in this experiment 
was similar to one previously used by Carr. A metal stylus 
was inserted in grooves in a metal plate in such fashion that 
the stylus would slide freely except when prevented by stops 
so located that they could not be discovered visually. The 
base of the maze was made of a sheet of duralium, twelve 
inches square and one-half inch thick. To this were bolted 
twenty-five squares of the same metal, each one and seven- 
eighths inches square on top, with the under side, or side next 
to the duralium plate, one and three-eighths inches square: 
This left a notch or groove one-fourth inch high and one-half 
inch wide, running completely around the bottom side of each 
square. These metal squares were arranged in rows of five 
each, with one-fourth inch between them. Details of the 
construction are shown in Fig. 1 and the general pattern in 


* From the Psychological Laboratory of The University of Chicago. The writer 
wishes to express his indebtedness to Prof. H. A. Carr, under whose direction this re- 
‘search was carried out. 
t Carr, H., The influence of visual guidance in maze learning, J. Exper. Psychol, 
1921, 4, 399-417. 
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Fig. 2. The stops in the pathway were made by bolts which 
came up through the metal plate within the grooves mentioned 
above. They were placed under the edges of the squares of 
metal so that they could not be seen. The stylus was shaped 
like an inverted 7, and would not pass the stops. 

One of the most difficult and important problems involved 
in the study was that of testing the subject’s conception of 
the true path. The method finally adopted was the use of a 
questionnaire concerning the correct pathway, the questions 
being so arranged that they could be answered by merely 
checking in the appropriate column, ‘Yes,’ ‘No,’ or ‘Don’t 
Know.’ The subject was furnished with a map of the maze 
with no pathway shown on it, but with the spaces between the 


pera” 


Fic. 1. Cross section through maze, showing base, stylus, metal squares, and stop. 
(Actual size.) 


corners of the metal squares all numbered. These numbers 
began with ‘1’ in the upper left-hand corner and proceeded 
from left to right across the map, with a number at each inter- 
section. Thus, across the top there were the numbers from 
I to 6 (with ‘6’ in the upper right-hand corner). Just under 
the ‘1’ was a ‘7,’ under the ‘2’ an ‘8,’ and so on, until in the 
lower right-hand corner a ‘36’ was placed. The Question- 
naire, based on this map and employing these numbers, was 
composed of sixty questions concerning the correct pathway. 
Thirty-six of these were correctly answered by checking ‘Yes,’ 
and twenty-four by checking ‘No.’ Of the false questions 
several represented merely the wrong direction on the correct 
pathway. Figure 2 shows the general appearance of the maze, 
as well as the correct pathway, the blind alleys, and the loca- 
tion of the stops. 
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In order to determine the sensitiveness of the Question- 
naire—that is, its ability to differentiate well between varying 
degrees of knowledge of the true path—it was administered to 
twelve subjects before the experiment proper was begun. 
Accuracy on the Questionnaire, after it had been modified 


E] 


em Qorreot pati - 
OCCUR WESS 4Blind alley, with stop i 


Fic. 2.. Map of maze, showing correct pathway, blind alleys, and stops. ` 


somewhat, was found to agree closely with the subject's per- 
formance and, in the end, his own estimate of his knowledge. 
These preliminary trials and subsequent data from the experi- 
ment proper seem to justify the conclusion that the Question- 


naire served its Purpose well. A copy of the Questionnaire is 
to be found in the Appendix, 
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Subjects and Conditions of the Experiment.—Six groups of 
subjects were employed in this study. All of the groups 
learned the maze with vision excluded by means of a screen. 
All groups also received typewritten instructions, and were 
allowed to study the map which showed the general nature of 
the maze but which had no pathway indicated upon it. They 
were also allowed thirty seconds of visual inspection of the 
maze itself. One minute thereafter learning was begun, and 
it continued until the subject had learned to the extent of 
three successive errorless trials. An error was considered to 
beany complete entry into a blind alley or any retracing of the 
correct pathway by as much as the length of one of the squares. 

The maze was learned under three different conditions: 
first, with no preliminary information concerning the correct 
pathway but with the Questionnaire to be answered at the 
end of each third trial during learning (Group I); second, with 
no preliminary information concerning the correct pathway 
and the Questionnaire to be filled out only at the end of the 
learning period (Group II); and third, with varying amounts 
of preliminary study of a map showing the correct pathway 
(Fig. 2), the Questionnairé being filled out (1) after the map 
study and before attempting the maze and (2) after the 
learning was completed. In this third condition one group 
studied the map showing the correct pathway for fifteen 
seconds (Group IIIa); another studied it for thirty seconds 
(Group IIIb); a third, for sixty seconds (Group IIIc); and a 
fourth, for one hundred twenty seconds (Group IId). Thus; 
for all four of these last named groups there were obtained, by, 
means of the Questionnaire, an Initial Accuracy score (from 
study of the map showing the correct pathway but without 
any trials in the maze) and a Final Accuracy score (at the 
end of learning). As already implied, Group I yields a series 
of Intermediate Accuracy scores (after each third trial) and a 
Final Accuracy score. The second group has only the Final 
Score. For all six groups records were kept of time for learn- 
ing, errors made, and trials to learn. Fifty college students, 
mostly sophomores, comprised Group I. There were thirty 
comparable subjects in each of the other five groups. 
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History of the Problem.—There seem to be no previous 
studies of the exact questions involved in this experiment: 
Indeed the number of relevant studies is quite small. The 
question of the type of imagery used in maze learning and how 
that imagery functions in the learning process was dealt with 
by Perrin; who reports that he was ‘unable to make any 
correlation between the type or combination of image proc- 
esses used with efficiency in maze learning.’ Furthermore, 
scores on tests of memory showed no relationship to efficiency 
inlearning. Illusions as to the correct pathway were general, 
but as a rule they did not seem to produce bad results. On 
the whole there was slight correlation between efficiency in 
learning and ‘pure trial and error,’ ‘pure reasoning,’ ‘idea- 
tional learning,’ memory, or imagery. 

On the other hand, Warden ? found evidence that there are 
three methods of learning a stylus maze, word reaction, visual 
imagery, and kinesthesis. He found that those who used the 
first method were greatly superior to those employing the 
third, with those using the second method intermediate in 
efficiency. 

Lambert and Ewert * confirmed the findings of Warden. 
In addition, they discovered that the more complete the 
instructions, the less of the motor and the more of the verbal 
methods were used. Better reproduction of pattern was also 
displayed by the verbal group. 

Husband 5 also obtained results agreeing with those of 
Warden. He found that the verbalizers were much more slow 
and deliberate than those using the motor method, but that 
in the end the former showed a superiority in total time to 
learn, a superiority that increased with the difficulty of the 
task. 

? Perrin, Е. А. C., An experimental and introspective study of the human learning 
process in the maze, Psychol. Monog., 1914, No. 70, 1-97. 

з Warden, С. J., The relative economy of various modes of attack in the mastery 
of a stylus maze, J. exper. Psychol., 1924, 7, 243-275. 

* Lambert, J. F., and P. Н. Ewert, Part I: The effect of verbal instructions upon 
stylus maze learning, J. gen. Psychol., 1932, 6, 377-399. 


5 Husband, В. W., Analysis of methods in human learning, J. genet. Psychol., 
1931, 39, 257-278. 
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Scott * also came to the conclusion that verbal imagery was 
most efficient in maze learning and that there was a *pro- 
nounced tendency to change from motor to-verbal learning’ 
during the learning process. He also secured evidence that 
the maze pattern is retained in memory and at times ‘does 
function in the relearning of the same maze or a similar maze,’ 
though often ‘nonconsciously.’ f 

On the other hand, Sackett,” attempting to discover the 
relationship between the retention of a maze habit and the 
amount of symbolic rehearsal, found a large majority of his 
subjects used the visual method, with the verbal method next, 
and finally the motor method. Though only eleven percent 
of the subjects used one method exclusively in learning; 
forty-one percent did so in rehearsal and even more in re- 
learning. The visual method, however, predominated in all 
cases. 

Finally, Scott 8 attempted to reconcile the discrepancies in 
the studies of Perrin, Warden, Sackett, and the others on the 
assumption that the sort of image secured in maze learning 
depends upon the type of maze pattern employed. He held 
that a systematic maze ? ‘is found to call forth in the majority 
of cases a certain type of imagery peculiar to it, while an 
unsystematic 1° one produces variation from subject to subject 
and within the same subject. 

Thus we see that it is generally agreed that, in the process 
of learning a stylus maze, at least a majority of subjects build 
up some sort of a conception of the maze pattern. At times 
this conception may be visual, at other times it may be verbal. 
In still other cases the learning may be a motor accomplish- 
ment. In the present study, therefore, we are making no 

* Scott, Т. C., The retention and recognition of patterns in maze learning, J. exper. 
Psychol., 1930, 13, 164-207. 

1 Sackett, В. S., The relationship between amount of symbolic rehearsal and 
retention of a maze habit, J. gen. Psychol., 1935, 13, 113-130. 

*Scott, T. C., Imagery—to what extent is it a function of the maze pattern? 
J. genet. Psychol., 1936, 49, 271-278. 

* By a systematic maze Scott means one composed of a number of similar parts or 
of units—to use his own words, ‘reducible to some common unit,’ ‘reducible to a unit 


of construction.’ 
10 Ibid, 
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assumptions as to the experiential nature of the conception 
possessed by the subject, for we are concerned only with 
its accuracy as related to efficiency of learning. 

Another problem involved in this experiment is the effect 
of visual guidance on maze learning. In this connection 
Carr," using an experimental set-up similar to the one em- 
ployed for Group III of this study except that no questionnaire 
was used, found that visual guidance was effective, especially 
in the prevention of errors, although the effectiveness was not 
proportional to the amount of guidance. He also found that, 
_after a certain point was reached, further visual guidance was 
not effective, since after a time all that may be learned visually 
has been learned. Furthermore, some subjects who learned 
with vision excluded made errors when required, after learning, 
to trace the pathway with vision. 

Carr used, for visual guidance, maps revealing varying 
amounts of information about the correct pathway. He 
found that “the effectiveness of the guidance upon trials and 
errors was proportional to the knowledge obtained from the 
diagram.” Looking at the maze was more effective than 
merely looking at a map of the maze, when no pathway was 
shown on the map. 

When the subjects were required during learning to iden- 
tify the correct pathway on a map they made many errors at 
first. Even after the pathway had been correctly identified 
(after an average of 3.8 trials and 24.2 errors), to traverse the 
pathway correctly required considerable additional effort (8.0 
additional trials, 1.7 additional errors). Conspicuous dif- 
ferences between subjects were noted in this regard, as in 
other phases of the experiment. Among the author’s con- 
clusions one finds this statement: 


Our results at least indicate the probability that the visual modes of control are 


much more effective in the acquisition and performance of acts of skill than hitherto 
suspected? 


Carr and Osbourn ® in a similar experiment arrived at 
u Carr, оф. cit. x 

12 Ibid., p. 417. 

13 Carr, Н. A., and Е. B. Osbourn, 


Influences of vision in acquiri ill, J. exper. 
Psychol., 1922, 5, 301-311. ion in acquiring skill, J. ex? 
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substantially the same conclusions. They too found that 
while visual study of a maze is effective in learning a maze, it 
is not effective in exact proportion to its amount; and further, 
that “the mastery of the maze in visual terms does not neces- 
sarily enable the subject to traverse it successfully with vision 
excluded.” Likewise they found that for a majority of their 
subjects the introduction of vision disturbed the maze per- 
formance if learning up to that point had been carried on with 
‘vision excluded. Again, however, the fact of individual dif- 
ferences is emphasized. 

Results of the Experiment.—The findings of the present 
study may be presented under three main headings: first, the 
relation of Final Accuracy on the Questionnaire to errors, time, 
and trials for learning; second, the relation of Intermediate 
Accuracy on the Questionnaire to errors and time up to the 
particular trial; and third, the relation of Initial Accuracy on 
the Questionnaire to errors, time, and trials for learning. 
The first of these relationships will show whether faster 
learners tend to build up a more accurate knowledge of the 
pathway. The second will deal with the growth in the accu- 
tacy of the conception and with the relationship of the increase 
in accuracy to learning at various points in the process. The 
third will show the effect upon subsequent efficiency of the 
conception obtaining in the beginning of actual maze learning. 

One noteworthy fact concerning Final Accuracy is the high 
score made when the Questionnaire is filled out after learning. 
Data on this point are given in part in Table 4. Of fifty-nine 
possible correct answers, for example, Group I had a mean 
Score of 56.28 correct responses (with a probable error of the 
mean of only .34); Group II had a mean of 53.33 correct re- 
sponses (probable error, .75); Group llla, 56.73 correct 
answers (probable error, .31); Group IIIb, 56.73 correct 
answers (probable error, .26); Group IIIc, 57.43. correct 
answers (probable error, .39); and Group Па, 57.00 correct 
responses (probable error, .27). 

Thus it may be seen that, as a general rule, subjects tend 
to have an accurate conception of the true path by the time 
they reach the standard required for the last three trials, 
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although a perfect conception is obviously not necessary for 
the requisite final performance. The small probable errors 
indicate a strong tendency for the scores to bunch at the upper 
end of the distribution, a fact which will be referred to later 
in another connection. 

The relationship of Final Accuracy on the Questionnaire 
to total time, errors, and trials is shown in Table 1. Generally 
TABLE 1 
RELATION ОР FINAL Accuracy ON QUESTIONNAIRE TO RATE or LEARNING 


a 
Coefficient of Correlation between 


Group 
A and Accuracy 
Total Time Total Errors sonan Aaa 

I —.1606 —.3069 —.5601 

п —.5016 — 4461 —.3934 
III Total —.2771 —.2021 —.2417 
Ша 5 +.0406 +.0757 +.0187 
шь —.4901 —.3774 —.4426 
шс —.3373 .2653 —.1530 
ша — 3504 —.3026 —.3197 


LL AS ЕЧ ed tosta SLU ST Oe А NM 
speaking, the correlations are quite low, although in each case 

_ except for Group IIIa the correlations are all negative, that is, 
à higher score on the Questionnaire tends to go with lower 
error, time, and trial scores. In other words, the more accu- 
rate the conception, the faster is the rate of learning. For 
Group II all coefficients are —.39 or above, but the average 
coefficient for all groups is only —.28. Thus it may be seen 
that while there is an inverse relationship between Final 
Accuracy and time, trials, and errors, the relationship is rela- 
tively low for all groups. With one exception correlations are 
higher for Group II than for Groups I and III but not markedly 
so. 
: The small size of the average correlation in this connection 
is somewhat surprising. In part the lowness of the figures 
doubtless is due to the distribution of the Final Accuracy 
scores. As has already been stated, there is a tendency for 
those scores to gravitate towards the upper part of the dis- 
tribution, with the consequent effect, of course, of lowering 
the coefficient of correlation. It seems quite likely, moreover,: 


TRUE PATH AND EFFICIENCY IN MAZE LEARNING 83 


that the greater distribution of scores for Group II helps to 
explain its somewhat higher coefficients of correlation. How- 
ever, in spite of these facts the conclusion seems quite clear: 
the relationship between the conception held by an individual 
and his rate of learning, while definitely present, is low. It is 
worth noting that for the fifteen second group (Group Ша), 
as has already been pointed out, the correlation is non-existent. 
Perhaps fifteen seconds is too short a time to influence the final 
conception, but, as will be seen later, it has a definite effect on 
efficiency in learning. 

It should also be noted that the Final Accuracy scores 
for Groups I, IIIa, IIIb, IIIc, and IIId are decidedly higher 
than those for Group II. It will be recalled that Group I 
filled out the Questionnaire after each third trial and that 
Groups IIIa, IIIb, IIIc, and IIId all studied maps of the maze. 
Evidently these activities tend to improve Final Accuracy. 

The second problem raised by the study concerns the de- 
velopment of the conception and its relation to learning. As 
one would expect, there are here as elsewhere great individual 
differences. A few of the subjects are never able to fill out the 
Questionnaire with any accuracy, even at the conclusion of 
the experiment, nor do they show evidence of any clear con- 
ception of the true path at any time during learning. Other 
subjects, on the contrary, seem to have the conception before 
they can follow the path in the maze. Most subjects, of 
course, lie between these extremes. j 

"That the conception grows very much from the beginning 
to the end of the experiment is at once evident when the in- 
dividual records are inspected, but the data are rather difficult 
to present in tabular form because of the fact that as soon as a 
subject completed three successive errorless trials he dropped 
out of the group. One subject, for example, finished with the 
sixth trial, another with the ninth, two more with the tenth, 
etc. Thus, the average Final Accuracy scores after each third 
trial would be based on fewer and fewer subjects, and these 
subjects are the slowest learners. However, the average 
Accuracy score of all subjects after the third trial in the maze 
Was 34.2 correct answers, or nearly sixty percent of a perfect 
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score. And since the average Final Accuracy score for Group 
I was approximately 56.3, as already pointed out, this indi- 
cates an average gain of 22.1 correct answers during the course 
of the experiment. Furthermore, the highest scores were 
made at or near the end of the learning period. Thus, for 19 
of the 50 subjects the highest accuracy attained during the 
experiment was just after the completion of learning, and 43 
of the 50 made their highest score within three trials of the last. 

The conclusion from this section of the study, therefore, 
substantiates one previously drawn: increasing ability to 
execute a successful maze performance is accompanied to some 
extent by an increasing accuracy of the conception of the true 
path of the maze. 

Correlations between Intermediate Accuracy scores and 
learning and between Intermediate Accuracy scores and per- 
formance are shown in Tables 2 and 3. Table 2 shows the 
correlations between Intermediate Accuracy (that is, accuracy 
at the end of the third trial, sixth trial, ninth trial, etc.) and 
time consumed and errors made to that point in the learning 
process. As previously noted, because of the dropping out of 
subjects after three successive errorless trials, the correlations 
are based on fewer and fewer subjects as one reads down the 
table. Correlations obtained in this way are considerably 
higher than those of Table I, if the smaller groups are dis- ' 
regarded. Indeed the average coefficient through the fif- 


4 и TABLE 2 
RELATION BETWEEN ACCURACY ON QUESTIONNAIRE AND LEARNING TO THAT POINT 
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TABLE 3 
RELATION BETWEEN ACCURACY ON QUESTIONNAIRE AND PERFORMANCE ON NEXT TRIAL 


Coefficient of Correlation between 
Correct Answers and 
Number of 
Trial Wyn tiene heh a res Subjects 
Total Time Total Errors 
(on Next Trial) (on Next Trial) 
3 —.2765 —.2830 50. * 
6 —3314 —4151 49 
9 —.3612 —.4880 48 
12 — .2089 —.5874 43 
15 —.0717 —.4517 37 
18 —.4089 —.3677 27 
21 — 3933 —.5370 21 
24 —4934 —.5581 4 
27 —.2511 — 3573 9 
30 —.0828 +.0229 7 


teenth trial in Table 2 is —.52. This may mean that the 
better learners develop more accurate conceptions and drop 
out earlier while the poor learners reduce the ultimate cor- 
relation, or it may be due to the fact that the range of the 
accuracy scores is greater. At any rate the developing con- 
ception correlates more highly with learning scores to that 
point than the final conception does with final learning scores. 
It is possible, therefore, that while the development of a 
conception of the pathway of the maze is by no means the 
only factor in learning, it is a factor of some importance. 
Another aspect of the experiment, previously considered 
in part, is the effect on Final Accuracy, time, errors, and 
trials of filling out the Questionnaire at the end of each third 
trial. The answer to this question may be found by com- 
paring the scores for Groups I and II, as these appear in 
Table 4. For all four criteria the advantage is with those who 
answered the Questionnaire after each third trial. Thus, 
these subjects finally answered, on the average, 56.28 questions 
correctly, while those who answered the Questionnaire only 
at the end of the experiment replied correctly on the average 
to only 53.33 questions. Group I likewise made only 508.08 
errors per subject, while Group II made 617.23 errors. Group 
I required only 20.86 trials for learning, Group П, 27.70 trials. 
Group I consumed on the average 2312.02 seconds in learning, 
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while Group II required 2547.70 seconds. The superiority of 
Group I may be explained in part on the basis of motivation, 
for the more quickly the subjects could finish, the fewer times 
the rather long Questionnaire had to be filled out. But this 
seems hardly sufficient to explain differences so large. The 
subjects frequently reported that an opportunity to ‘collect 
their thoughts’ about the correct pathway was definitely 
helpful, and certainly the evidence cited above seems to bear 
them out. 

When one observes the correlations between Intermediate 
Accuracy on successive third trials and time and error scores 
on the next succeeding trials (Table 3), he is struck by the fact 
that they, are usually lower than the ones just dealt with. 
Doubtless the chance factors influencing the scores for a single 
trial in the maze are relevant here. Why these correlations 
should reverse the trend and actually be higher during the 
last few trials is not clear. 

A noteworthy feature in this connection is the effect of 
filling out the Questionnaire on scores on the next succeeding 
trial. Here, on the average, time and error scores practically 
always rose over the trial preceding, that is, more time was 
required and more errors made on the fourth trial than on the 
third, on the seventh than on the sixth, etc. It is suggested 
by way of explanation that erroneous conceptions were worked 
out in answering the Questionnaire and that these conceptions 
induced errors when tried out. However, experience with the 
maze and the blank map frequently gave the subject a better 
conception of the correct pathway when he had discovered his 
errors. This conclusion is in keeping with statements fre- 
quently made by subjects on the first and second trials fol- 
lowing the Questionnaire. 

Thus far we have seen that the conception held by the sub- 
ject correlates, sometimes fairly well and at other times less 
well, with his rate of learning in the maze. It has not been 
possible to show a causal relationship, however, for it is en- 
tirely possible that the conception merely accompanies the 
learning, without exerting any influence upon it. It now 
remains to consider the effects on learning of a conception 
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induced before experience with the maze itself (Groups Ша, 
IIIb, IIc, and Па). 

That map study definitely induces a conception of the 
pathway is apparent from Table 4. Fifteen seconds of study, 
for example, enabled the average subject to answer more than 
two-thirds of the questions correctly, and one hundred twenty 
seconds raised this to almost nine-tenths. And though the 
relationship between time and Initial Accuracy is by no means 
one-to-one, the group studying the map for thirty seconds 
stands next to first, and the one studying for sixty seconds 
has the next to the best score in Initial Accuracy. 


TABLE 4 
Errect or МАР Ѕторү 


Initial Final 
Duration | Accuracy | Accuracy 


Group of on on Trials Errors 
Map Study | Question- | Question- 
naire naire 

I — — 56.28 20.86 508.08 2313.02 
п = = 53.33 27.70 617.23 | 2547.70 
Ш Total 47.05 56.97 13.03 148,16 1041.43 
Ша 15 sec. 40.96 56.73 16.93 209.53 1341.31 
IIIb 30 sec. 43.06 56.73 16.00 249.46 1471.40 
шс бо вес. 51.50 57-43 10.40 87.73 840.75 
ша 120 вес. $2.67 57.00 8.80 45.93 539.26 


One of the problems in this connection is the effect of such 
a conception on trials, errors, and time for learning. Table 
4 brings out the essential relevant facts. In all three cases the 
groups studying the map were definitely superior, the supe- 
riority increasing with increasing amounts of map study. It 
is true that differences between Groups Па and IIIb are 
slight, and in the case of errors and time actually favor the 
group studying for the shorter period. But such is certainly 
not the case for Groups Шс and IIId. In these cases the 
superiority of longer map study is clearly evident. 

Group ША is likewise superior to Group IIc. Although 
differences in Initial Accuracy are small, for errors and time 
especially Group IIId is far ahead. 

It is interesting to note that with all the success of groups 
spending more time in map study, the superiority, with the 
possible exception of errors, is not proportional to the amount 
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of time spent in learning. Indeed, eight times as much time 
in study (Groups Ша and IId) lessened trials by only one- 
half and time by less than two-thirds. Errors, however, are 
diminished by almost five-sixths, Similar results are obtained 
by comparisons of other groups. Errors, therefore, seem to 
be affected most. 

Inspection of Table 4 leads one to conclude that for this 
particular problem, when time intervals are short, additional 
time makes little difference (Groups Ша and IIIb). This 
conclusion, However, does not obtain for the longer intervals. 
Had still longer periods been used additional time might have 
had less effect. 

Another approach to the problem of the relation of the 
initial conception to time, errors, and trials for learning is to 
correlate Initial Accuracy scores with these learning criteria. 
Here, as Table 5 reveals, the correlation is fairly high, the 


TABLE 5 
RELATION or IwrrrAL Accuracy on QUESTIONNAIRE TO LEARNING 


no Coefficient of Correlation between Correct Answers and 


Group M 2j с — 
ар Study T: 
s Time e 
E Le ud is el 

Ша TS sec. —.658, 

IIb 30 sec. - 3553 

Ше бо sec, —.6960 

ша 120 sec, — 6349 

III Total —.6351 


coefficients rather co; 
where in the experiment. 
and the average is 27554 


nsiderably exceeding those obtained else- 


Only one coefficient is below —.35; 
e The size of these correlations may 
best be appreciated when they are compared with those of 


Table 1, dealing with Final Accuracy as it relates to these 


measures. With a single exception the former are higher and 
in most cases markedly go, 


Thus, because the more accurate the initial conception, the 
lower the time, €rrors, and trials required for learning and be- 
cause Initial Accuracy correlates definitely with the learning 
criteria, we arrive at the conclusion th 
at the beginning of maze ] 
rate of learning. And c 
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Groups IIIa, IIIb, IIc, and IIId, it may safely be said’ to 
obtain for Groups I and II also. It will be remembered that 
for the latter groups the only data available showed a correla- 
tion of conception and rate of learning, but no method of 
showing actual influence was available. Data just presented 
for Groups IIIa, IIIb, IIIc, and IIId remedy that defect. 

Data are also available on another problem having to do 
with the effect of the conception on learning: is a certain accu- 
tacy of conception gained through map study as effective as 
an equally accurate conception built up in actual experience in 
learning the maze path? To answer this question Groups 
IIIa, IIIb, IIIc, and IIId were compared with subjects taken 
from Group I, those subjects being selected in each case whose 
average Intermediate Accuracy was practically the same as the 
Initial Accuracy of the particular group concerned. To illus- 
trate: the Initial Accuracy of Group Ша was 40.96 correct 
answers. When all subjects from Group I who at the end of 
any third trial had an Intermediate Accuracy score of 40, 41, 
or 42 were considered as a sub-group (S-Ia), it was found that 
their average accuracy score was 41.00. "The question was 
then to determine whether Group IIIa learned the maze with 
less errors, time, and trials than did this sub-group, assuming 
that the next trial after the 40, 41, or 42 score was the first 
trial for the subjects in the sub-group. The sub-group to be. 
compared with Group IIIb (Initial Accuracy 43.06) was com- 
posed of those subjects making at some time Intermediate 
Accuracy scores of 42, 43, or 44 (S-Ib). Group IIIc (Initial 
Accuracy 51.50) was compared with those scoring 51 and 52 
(S-Ic), and Group IIId (Initial Accuracy 52.67), with those 
scoring 52 and 53 (S-Id). The results obtained are shown in 
Table 6. 

As far as the learning criteria are concerned, the results 
show clear superiority for the sub-groups in every comparison. 
Thus, Group IIIa required 16.93 trials to learn, while Group 
S-Ia required only 14.09 trials. Group Ша required 209.53 
errors as against 82.14 errors for Group S-la, and 1341.31 
seconds as against 700.61 seconds. Similar comparisons 
could be made for the other groups, with the greatest dif- 
ferences in errors in all cases and the least in trials. It is 
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TABLE 6 


Errectiveness ОР Concerrion GAINED THROUGH MAP Srupy as COMPARED то THAT 
GAINED THROUGH Experience ІХ Maze 
MEE a a 


Initial Final 
Зарас Accuracy | Accuracy 


Group 5 ү D О Ж Qu Trials Errors Time 
ain qr naire E 
Ша 30 40.96 56.73 16.93 209.53 1341.31 
S-la 22 41.00 55.23 14.09 82.14 700.61 
шь 30 43.06 56.73 16.00 249.46 1471.40 
S-Ib 23 43.13 5544 11.78 50.70 567.53 
IIIc 30 51.50 57-43 10.40 87.73 840.75 
S-Ic 18 51.28 55.78 7.39 12.83 299.70 
ша 30 52.67 57.00 8.80 45:93 539.26 
5-14 23 $2.57 56.70 5.70 5.52 229.29 


e esu SU am | з” |. 1929 , 


clear, therefore, that the initial trials of the sub-groups in- 
fluenced learning in other ways than simply in building up the 
conception. 

To guard against the possibility that the better record of 
the sub-groups might be attributed to the possession of greater 
learning ability, the average trial, time, error, and Final Accu- 
тасу scores of each sub-group for the entire period of its learning 
were compared with those of Group I as a whole. It was 
found that three of the four sub-groups were actually below 
the average in learning ability, and the fourth but slightly 
above. The results noted, then, could hardly be attributed 
to greater ability. 


The Final Accuracy scores of Groups IIIa, IIIb, IIIc, and 


seems to have learned best what it 
study groups to recognize the path 


the sub-groups to traverse more e 


Practiced most, the map- 
way in terms of a map and 
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In the second place, there is but little difference in Final 
Accuracy between Groups Ша, IIIb, IIc, and Ша (Table 
4). Groups IIIa and IIIb were lowest with exactly the same 
score, Group IIId was next, and Group IIIc highest. As is 
evident, however, from a consideration of the means and 
probable errors, none of the differences are statistically 
significant. 

In the third place, when Groups IIIa, IIIb, Шс, and ША 
are compared with Group I, differences in Final Accuracy 
are again insignificant. But assuming that a difference be- 
tween the means is significant when it is four times the prob- 
able error of the difference, we find that Groups IIIa, IIIb, 
IIIc, and Ша are superior to Group II. "This, of course, 
would be expected in view of the fact that Group II had only 
one contact with the map, and therefore devoted practically 
its entire energy to learning to traverse the maze and not to 
answering the Questionnaire. | 

Parenthetically, the difference between the means of 
Groups I and П is 3.7 times the probable error of the differ- 
ence. Since Group I also had several contacts with the 
Questionnaire, the near-significance of this difference supports | 
the conclusion just drawn. | 

Finally, from a comparison of the coefficients of correlation 
of time, errors, and trials with Final and Initial Accuracy it is- 
at once apparent that Initial Accuracy correlates more highly 
than does Final Accuracy. As previously noted, the greater 
bunching of the latter scores towards the upper end of the dis- 
tribution likely helps explain this difference. It is entirely 
Possible, however, that the relationship between performance 
and accuracy is higher at an earlier stage in the learning 
Process than it is atthe end. Indeed the data of Table 2 lend 
зоте support to this possibility. 

Summary and Conclusions.—Two hundred college stu- 
dents, divided into six groups, one of fifty subjects and the 
other five of thirty each, learned a visual type of maze with 
Vision excluded. From time to time in the experiment and 
for all subjects at the end of the experiment the accuracy of 
the conception of the true path of the maze was tested by 
means of a questionnaire designed for the purpose. The group 
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of fifty subjects filled out the Questionnaire at the end of each 
third trial in the maze, and four of the other five groups filled 
it out after varying amounts of study of a map of the maze 
and after learning. One group filled out the Questionnaire 
at the end of the learning period only. : 

Several conclusions may be drawn from the data presented. 
First, each individual does develop a conception of a stylus- 
maze pattern as helearns the maze. In some individuals this 
conception seems to be quite faulty and in others perfect or 
well-nigh so. As was pointed out, however, the conception 
finally attained a high degree of accuracy on the average. 

Second, this conception is extremely inaccurate in the 
early stages of learning, but it increases in accuracy as learning 
progresses. 

Third, the relationship of the accuracy of the developed 
conception to efficiency in learning is relatively small. ‘This 
is true whether one judges by final accuracy or intermediate 
accuracy but particularly so in the former case. It seems, 
therefore, that learning a stylus maze is something other than 
merely building up a conception of the pattern. 

, Fourth, a conception developed in the maze itself, as a 
result of running the maze, is much more effective than one 
developed from map study. 

Fifth, the accuracy of the conception gained through map 
study correlates more closely with the learning criteria than 
does the final accuracy of the conception. This may be due 
to an artifact of the data, the distribution of scores in final 
accuracy being quite restricted, or to the possibility that the 
conception functions more effectively in the earlier than in the 
later stages of learning. 
masa an for чинар эш nc sonception on ln 
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This study might be viewed as forging one more link in 
the chain which restrains and makes untenable that intellec- 
tualistic view of psychological functioning which holds that 
maze learning is proportional to knowing and hardly to any- 
thing else. Learning is clearly related to knowing, but the 
relationship is far from directly proportional. 


(Manuscript received May 29, 1939) 


APPENDIX j 
Directions.—By referring to the map before you, answer the questions below, 
checking in the column opposite the question, ‘Yes,’ ‘No,’ or ‘Don’t Know. Please 
note the direction implied in the question; for instance, to say from 36 to 35 is not the 
same as to say from 35 to 36. ‘The first question is correctly checked as an example. 


QUESTIONNAIRE FOR DETERMINING ACCURACY OF THE 
Conception ОЕ THE Maze PATTERN 


ced И arcc i x NOMS ss 
36 to 35?.... a E mentee Er estu HERE UR s 
28 to 29. „f 19 to 13... 

21 to 20.. зто а 

351034. .| 16 to 15, 

32 to 31. БСК 3 
28 to 27. 7to I. 

pees “ Qoo. 

o to 26.. EE 10. 

33 to 27.. «| 13 to 14. 

26 to 20... 3to 9... 


31022... «| 23 to 22... 
28 to 34.. ..| 6 to 12. 
25 to19.. ¿f 11 to 17. 


27 to 21.. 
25 to 26... 


«| 12 to 18... 


4 to 10. 


35 to 29... Д 16 to 22....]. 

22 to 21.. 4to 5. 7 
34 to 33 22 to 23. t 
26 to 32 17 to 11 r 


311025... 


14to 8.,..|. 


13 to 19. . 
14 to 15.. 
9 to I0.. 


210 .3....]. 


7to 8. 
15 to 21 
9to 3 
8 to 

15 to 16 


5to 4. 


10to 4. 
1I to 12. 
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A STUDY OF CONDITIONING IN THE NEONATE! 


BY DELOS D. WICKENS AND CAROL WICKENS 
The University of Colorado 


Problem.—The purpose of the present experiment was to 
investigate the problem.of the conditionability of a with- 
drawal movement in the newborn infant, and, if positive 
results were obtained, to study other conditioning phenomena 
such as experimental extinction and spontaneous recovery in 
these subjects. This general problem has already been at- 
tacked in similar subjects by Marquis (4), who used sucking 
as her unconditioned response, and by Wenger (8), who em- 
ployed lid closure and the withdrawal of the leg to shock in 
addition to sucking as a response. Although both of these 
studies obtained results which the writers interpreted as 
positive, neither of them is entirely conclusive and both have 
been subjected to criticism. Pratt (5) and others (8) have 
suggested that Marquis has not clearly shown that the re- 
sponse to the conditioned stimulus which she obtained after 
her training series might not have occurred without this 
training. Further, Wenger, using a procedure similar to that 
of Marquis, obtained negative results for this particular 
response. Wenger’s own study, although careful and ap- 
proaching objectivity, must be criticized because of the 
limited number of subjects used; in many groups only two or 
three infants were used and one important control group con- 
sisted of but four subjects. Since there is a considerable 
overlapping between the results of his control and his experi- 
mental group, this limitation in the number of subjects be- 
comes a serious criticism. A’ further consideration of this 
point will be given in discussion of our results. 

Because of these objections, it was felt that an additional 
experiment might clarify the question as to whether or not the 
newborn infant can become conditioned. 


1 This work was done in the Infant Research Laboratory of the Ohio State Uni- 
versity, 
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Subjects —Subjects were under-ten-day infants born in 
the Ohio State University Hospital. Throughout this experi- 
ment we are indebted to Dr. Floyd C. Dockeray, Department 
of Psychology, who made available to us the subjects and 
facilities of the Ohio State Infant Research Laboratory, and to 
Dr. Andrew Rogers, Head of the Obstetrics Division of the 
Ohio State University Hospital. Thirty-six infants in all were 
used in the actual experiment. These were full term babies 
about equally divided as to sex. Approximately one third 
of the subjects were of at least partial negro parentage and the 
remainder were of white parentage. Тһе infants were from 
three to five days when they were brought in for the first 
experimental session, and, the study continuing for four days, 
the subjects were from seven to nine days of age at the last 
experimental period. i 


Apparatus and Procedure.—All experimentation was done with the infants inclosed 
in the sound proof, thermostatic isolation cabinet, described by Dockeray and 
Valentine (2). 

Before the formal experimentation on the 36 final subjects was begun, various 
sorts of stimuli were administered to a number of other infants with a view to deter- 
mining the optimal unconditioned stimulus. From these investigations it was con- 
cluded that the best type of stimulus for the study of conditioning of a withdrawal 
movement was a shock to the sole of the foot. To this stimulus the infant usually 
responds bilaterally with flexor movements of legs, feet, and toes, often followed by: 
extensor movements. This response is usually more marked in the member receiving 
the shock than it is in the other member. Shock then was the unconditioned stimulus. 
"This was delivered from a Harvard inductorium, the current being derived from a 6 volt 
storage battery. The electrode consisted of two 4 X 36 bolt heads attached to the 
surface of a flexible rubber disc. about the size of a penny. This was attached to the 
sole of the right foot by a strip of Sealtex tape. The.conditioned stimulus was the 
sound of a muffled buzzer, placed in the cabinet about two feet from the infant’s head. 
The buzzer and shock were administered by hand, with the buzzer (in the paired 
Stimulation) preceding the shock by about a fourth of a second and continuing about a 
fourth of a second more, along with the shock. This hand method of giving stimula- 
tions was, of course, necessarily subject to some variability. Stimulations were spaced 
one, two, three, or four minutes apart according to a varied and irregular pattern. An 
attempt was made to stimulate the infant only when his activity level corresponded 
with stages three to five of Wagner's criteria of sleep (7), i.e., when it was neither crying 
nor highly active and yet not in an extremely deep sleep. Since the babies did not 
always coóperate, the time intervals between the presentations of the paired stimuli 
occasionally ran over the one to four minute figures mentioned above. The same 
infant was always run at the same time on succeeding days, the times being directly, 
following either the two or four o'clock feeding periods. The two experimenters | 
observed and recorded the responses of the infants, one noting the movements of one 
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limb and one the movements of the other. The responses were recorded upon form 
sheets in terms of flexor and extensor movements of the leg, foot, and toes. 

Three separate groups, consisting of 12 infants each, were used—an experimental 
group and two controls, For all three groups items of initial procedure were the same. 
The infant was placed in the isolation cabinet, the electrode having been attached to 
the sole of the right foot. It was allowed about five minutes to become adjusted to the 
situation; then tests for responses to the buzzer alone were administered. Three 
different stimulations of the sound of the buzzer were given, and, if the infant re- 
sponded by any movement of leg, foot, or toe, he was discarded and not used in any of 
the three groups. From this point on, the procedure for the different groups varied. 

The experimental group received 36 paired stimulations of buzzer and shock, 12 
each day for three consecutive days, At the end of the third day, the buzzer alone was 
sounded to test for the presence of conditioning, and these stimulations of the buzzer 
were administered until there were three consecutive failures to respond—the criterion 
of extinction in this experiment. On the fourth day, the buzzer alone was administered 
until the response was extinguished. This was done, of course, to test for the spon- 
taneous recovery of the previously extinguished conditioned response. 

In view of the possibility that positive results in the above group, if present, might 
be due to the effect of repeated presentations of shock, the unconditioned stimulus, 
rather than to the pairing of the buzzer and shock, the following control group was set 
up, which we shall call Control Group 1. Following the usual tests to the buzzer alone, 
the 12 infants of this group were given 36 shocks alone, r2 each day, for three consecu- 
tive days. Thus, they never received a paired stimulation of shock and buzzer. At 
the end of this period, on the third and fourth days, the buzzer alone was sounded, tests 
for extinction and spontaneous recovery of the response, if any, being administered 
just as in the experimental group. 

Control Group 2 was run to check the possibility that any responses to the buzzer 
on the third day might be due solely to the factor of maturation rather than to training. 
The procedure for this group consisted in testing for responses to the buzzer alone on 
day 1; then, on day 3, after two days delay, during which time no stimulations were 


given by the experimenters, administering a second test for responses to the buzzer 
alone. 


Results.—The results for the experimental group are pre- 
sented in Table I. Each baby is listed separately. Day 3 is, 


А ТАВГЕ 1 
Snowinc тне NuMBER or Responses ТО THE Buzzer ALONE FoR THE EXPERIMENTAL 
Group on THE Тнікр AND Еоовтн DAYS or THE EXPERIMENT, Day 3 BEING THE 
ORIGINAL TEST FOR THE PRESENCE OF Conprtioninc, AND Day 4 BEING A 
Test ron SPONTANEOUS RECOVERY 


Subjects 
Number of 
Responses 
He Ca | De | Ch Re | Mc | Bo Jo Ot Fo Gr | Ma 
Day 3....| 2 2 4 о 3 H 5 2 H o 3 


o 
Day 4....| 8 9 - о 4 | 10 7 I 8 1 о о 
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of course, the time of the test for presence of the conditioned 
response, following the training series of 36 paired stimula- 
tions; day 4 was the day of tests for spontaneous recovery of 
the response which had been extinguished on the previous day. 
By number of responses is meant the number of times the 
infant responded to the buzzer alone by some movement of 
both limbs,? i.e. gave a conditioned response. For example, 
subject He gave two conditioned responses on the 3rd day 
and eight responses on the 4th day. It will be seen that nine 
of the twelve infants in the experimental group gave condi- 
tioned responses to the buzzer alone on the third day. Only 
II of the 12 subjects were tested for spontaneous recovery. 
Of those who showed conditioning on the previous day, nine 
showed spontaneous recovery, and one infant, who gave no 
conditioned responses on the previous day, gave several such 
responses on the spontaneous-recovery day. In general, then, 
the results of the experimental group indicate that condition- 
ing of the withdrawal response, its extinction, and the spon- 
taneous recovery of the response on the following day, are 
obtainable in the under-ten-day-old infant. 

The clearness of this picture is, however, clouded by the 
findings of the first control group, for the behavior of these 
subjects was practically identical with that of the experimen- 
tal group, in spite of the fact that the subjects of Control 
Group 1 had never had a paired presentation of buzzer and 
shock. 'The results for Control Group 1 will be found in 
Table II, and may be read in the same manner as Table I. 


TABLE II 


Suowinc тне NuMBER оғ Responses To THE Buzzer ALoNE ror CoNTROL GROUP I 
ON THE Тнівр AND Fourtu Days оғ THE EXPERIMENT 


Subjects 
Number of 
inses 
Hi Al Ad Pa Ja Th | En | Sm | Am | KI Fj Wi 
Day 3 2 I o 2 3 2 5 2 3 2 2 1 
Day 4 2 10 о 9 3 2 3 = 5 = 2 1 


2 Movement of both limbs was demanded as a criterion of the conditioned response 
since this bilateral movement was typical of the response to the unconditioned stimulus. 
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Ten out of the 12 infants responded to the buzzer, after the 
36 shocks alone; all of these showed extinction, and of the 
ten babies who were tested on the fourth day, 8 showed 
spontaneous recovery. Needless to say, the slight differences 
between this control group and the experimental are not 
statistically significant. Conditioning, if you will, extinction, 
and spontaneous recovery are just as clearly demonstrated in 
this group as in the previous one. 

It immediately occurred to the experimenters that these 
results might be due to faulty mechanics in the experimental 
set-up. It might be possible that, although the infant was 
enclosed in a supposedly sound proof cabinet, he was able to 
react to the sound of the vibrator on the inductorium itself, 
and this might become a conditioned stimulus which could be 
easily generalized to the buzzer. That this was not true 
was proved by including checks brought about by activating 
the inductorium alone without the application of shock. In 
no cases were any responses made to these checks. 

There still remained the possibility that the responses to 


the buzzer alone given on the third and fourth days were due - 


simply to maturational factors (ie. increase in auditory 
acuity) rather than to any effects of the experimental routine. 
As will be recalled, Control Group 2 was designed to investi- 
gate this possibility This group simply received two tests 
Íor responses to the buzzer, separated by two days. Of 
course, as in the other groups, no subject was included who 
responded to the buzzer on the first day. Only one out of the 
12 subjects used gave any response to the buzzer on the second 
test. Applying the Chi Square formula we find that there is 
à statistically significant difference between this group and the 
experimental group and between. this group and Control 
Group 1. i 

At this point it would perhaps be in order to consider the 
only other study we have found which investigated condition- 
ing of the withdrawal movement in the under-ten-day-old 
infant, at the same time employing a control group similar to 
our Control Group 1. Wenger (8), using five infants in his 
experimental group, concluded that the movement of with- 
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drawal from shock in the infant could be conditioned to a tone. 
He ran a control of four subjects in which shock alone was 
given, followed by tests for responses to the tone (without any 
pairing of conditioned and unconditioned stimulus). This 
control group did give a number of responses to the buzzer 
alone. However, because the experimental group gave a few 
more such responses, Wenger concludes that there were essen- 
tial differences between the two groups. . An examination of 
his tables, however, indicates that this is not necessarily true, 
that there is no statistically significant difference between his 
experimental and control groups, and that his results are 
actually in accord with ours. Whatever differences there exist 
between the two groups may be attributed to sampling errors. 

Discussion.—There seems, then, to be an essential simi- 
larity between our experimental group and our first control 
group, both of them showing evidences of ‘conditioning,’ ex- 
tinction of the conditioned response, and spontaneous re- 
covery, even though the situation for the control group was 
not a conventional conditioning situation. This similarity 
seems not to be due to artifacts of the experimental set-up, or 
to any maturational effects. "There remains the problem of 
accounting for it. Two possible interpretations present them- 
selves. These are highly speculative, neither proved nor 
disproved by the extant experimental evidence. However, 
they are perhaps worthy of consideration with a view to 
further investigation. 

(1) Perhaps the continued stimulation which results in the 
leg movement characteristic of response to shock serves to 
sensitize and make this response prepotent. The muscles 
involved in the response are, then, in a state of readiness, and 
may be tripped off at almost any stimulation. Highly 
analagous to this in the field of infant behavior are the findings 
of Pratt, Nelson, and Sun (6), Jensen (3), and others, which 
indicate that nearly any stimulus will set off the sucking 
response, supposedly a prepotent response in the neonate. 
Possibly analagous in the field of adult conditioning is the. 
phenomenon of sensitization (Bernstein, т). If this inter- 
pretation of sensitization is accepted, it would seem that our 
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infants are not showing conditioning in the ordinary meaning 
of the term. However, before sensitization can become a 
‘complete explanation, we must know more concerning the 
nature of this phenomenon. The fact that spontaneous re- 
covery existed—that these withdrawal responses to the buzzer 
appeared as late as twenty-four hours after the last shock, 
sometimes indeed with greater frequency than in the tests 
immediately following shock—certainly implies that sensitiza- 
tion is a relatively long-lasting thing. 

(2) Perhaps conditioning in the ordinary sense is operating 
after all, but we, as experimenters, are not clearly recognizing 
the nature of the conditioned stimulus. Perhaps the infant, 
in responding to the conditioned stimulus, is not responding 
to the sound of the buzzer as such, but merely to the buzzer’s 
characteristic of being a sudden change in the environment. 
If we analyze the nature of the shock, we may see how the 
infant has become so conditioned, i.e. conditioned to respond 
to a sudden change in the environment. The shock has two 
characteristics; it is not alone a pain-giving and response- 
producing stimulus, but it also possesses the character of being 
a sudden, sharp change in the environment. That is, first 
there is no shock; then, suddenly, there is shock. This sudden 
change in the environment is the conditioned stimulus, and it 
is always followed by pain, the unconditioned stimulus. Thus, 
the organism becomes conditioned to a change in the environ- 
ment, and the buzzer, which is also a change in the environ- 
ment, may now act as a conditioned stimulus. If this were 
true, we would expect many other stimuli which are effective 
to the infant also to set off the conditioned response, and this, 
of course, could easily be attacked experimentally. The 
interpretation implies that the infant does not easily make 
discriminations between specific stimuli, and reacts instead 
to major changes and characteristics—a view which is also 
supported by the findings of Pratt, Nelson, and Sun (6). 

These theoretical interpretations may be of some value in 
suggesting problems for future attack. In any case, our data 
seem to have reopened the question of conditionability of the 
newborn infant. The results would indicate that, without 
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further experimentation, it cannot be stated that the with- 
drawal movement in the neonate can be conditioned, in the 
ordinary sense of that term. Modifiability, however, is 
clearly shown, and conditioning of some sort may be operating. 
The investigation points incidentally to the need for adequate 
controls in conditioning experiments, especially in those which 
use lower organisms as subjects. 

Summary.—To investigate the problem of conditionability 
of the neonate, three groups, consisting of 12 under-ten-day- 
old infants, were studied, the conditioned stimulus being the 
sound of a buzzer, the unconditioned stimulus a shock to the 
sole of the foot. 

Members of the experimental group received 12 paired 
stimulations a day for three consecutive days. They were 
then tested for conditioned responses to the buzzer alone, the 
responses were extinguished, and on the following day tests 
for spontaneous recovery were made. Members of Control 
Group 1 received 12 shocks alone per day for three consecutive 
days. Like members of the experimental group, they were 
tested for responses to the buzzer alone at the end of the third 
day and on the fourth day. Members of Control Group 2 
were tested for responses to the buzzer alone on the first day; 
then, two days later, during which time no stimulations were 
given, they were again tested for responses to the buzzer alone. 

Results showed that the experimental group gave evidence 
of conditioning, extinction, and spontaneous recovery. Con- 
trol Group 1 gave almost identical results, although members 
of this group had never had a paired presentation of condi- 
` tioned and unconditioned stimulus. Only one subject in 
Control Group 2 responded to the buzzer alone on the third 
day. 

Conditionability (in the ordinary sense of the term) of the 
neonate, and incidentally also of the foetus, is thus not 
unequivocably supported. Two possible theoretical inter- 
pretations are advanced. 


(Manuscript received October 24, 1939) 
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THE TIME ORDER ERROR IN SUCCESSIVE 
JUDGMENTS AND IN REFLEXES: II. 
AS A FUNCTION OF THE FIRST 
STIMULUS OF A PAIR 


BY HELEN PEAK 
Randolph-Macon Woman's College 


In the first paper of this series (6), judgments of the loud- 
ness of the second tone of a pair and reflex reactions of the 
eyelid to the same tone were both shown to be functions of 
the intensity of the first stimulus and the interval between 
stimuli, and it was indicated that these reactions, Jz and Rs 
bore similar relations to the variables mentioned. It was sug- 
gested on the basis of these results that the positive time error 
would be accounted for, in part, by the observed decrement in 
Ja which increased with the intensity of Sı. 

It is the purpose of the present paper to discuss the data 
upon the judgments of the first stimulus of the pair, for 
changes in Ji as well as Jz must play a part in producing the 
time error, though heretofore no such analysis has been made 
of judgments of both members of a pair. Since the judgment 
of S, occurs after both S; and S; have been presented, J, like 
Js; may be affected by pairing, and the judgments, whether 
in absolute or relative terms, will in that case be a product of 
the mutual effects of the two stimulation processes as well as 
their interactions with the same or different background 
conditions in the organism making the judgments. This 
possibility suggests the importance of investigating the pres- 
ence or absence of concomitant variation in Jı and Jz, and the 
results of this part of the study are also to be found in this 
paper. A third paper considers these data and those of the 
first paper in relation to various theories of the time order 
error (8). ] i jd 

1 As in the first paper, S; is used to refer to the first stimulus of the pair, Sa to 
the second, A; to reflexes to Si, Re to reflexes to Sz, Jı to judgments of Si, and Jz to 
judgments of 53. 
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APPARATUS AND PROCEDURE 


The first paper of this series has described the apparatus and procedure employed 
in securing the data discussed (6). The procedure involved judging, on a 9 step absolute 
scale, the loudness of both members of a pair of tones furnished by a 1000 cycle tuning 
fork oscillator and earphones. The first stimulus of a pair varied in intensity from 
trial to trial, four different intensities being used. The second stimulus remained 
constant throughout, and was equal in intensity to the largest intensity of the first 
stimulus. Single stimuli of the same intensity as the first of the paired stimuli were 
interspersed in the series. The onset of the first stimulus and of the second were 
separated by intervals of 177 or 285 ms. and each tone lasted 50 ms. Lid responses 
to these same tones were recorded photographically. Data from 5 subjects are reported. 


ReEsutts 


I. The Judgments of Sı Paired and Single 


In Table 1 are found the average judgment values for each 
intensity of S; at the two stimulus intervals, along with the 


TABLE 1 
Averace VALUE LOUDNESS JUDGMENTS OF $i 


J1—177 ms. Ji—285 ms. 
Subject Intensity 51— 
M 
B N 
c 
M 
WwW N 
с 
M 
5 N 
[4 
M 
E N 
c 
M 
D: N 
т 


number of cases, and the standard deviation of the distribu- 
tions. Table 2 contains the individual averages of judgments 
` of different intensities of S; when the stimulus was single, not 
paired. The judgments of S; alone made during 177 and 285 
ms. series have been averaged together since they showed no 
significant differences. 
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The following points are to be noted іп a comparison of 
these Tables. (1) At the first three intensities of Sı, the 
values are greater for J; paired than for the unpaired J. This 
is true in every case, except for W at 177 ms. (S = 1), and for 
the same subject at 285 ms. (S = 3). (2) At the largest 
intensity there is a tendency for the paired Jy's to be smaller 
than judgments of single stimuli. This tendency is not 
wholly consistent, however, and occurs only for subjects W 
at 177 ms., S at both intervals, E at 177 ms., and D at 177 ms. 
In all other comparisons the paired / was either greater or 
equal. (3) The Jı values are larger on the whole at the 177 
ms. interval than at 285 ms. except again when S; has a value 
of 4. Subject W constitutes the only exception to this 
tendency. 

The degree of consistency in the direction of differences 
shown by the averages of Table 2 is indicated in Table 3. 


TABLE 2 
LOUDNESS JUDGMENTS OF SINGLE STIMULI 
(177 and 285 ms.) 
геге 
Intensity 5. I 2 3 4 
M 1.0 LI 2.1 : 88 
B N 17 21 19 19 
c о 0.3 0.7 0.8 
M 1.0 1л 2.6 8.4 
у N 20 22 19 21 
с ол 0.3 0.9 0.5 
M 1.0 1.0 2.0 8.5 
S s N 23 23 24 25 
с о 0.2 0.6 2.0. 
Lo rn PM 
M 1.0 13 1.7 7.6 
Е N 16 15 14 13:1 
т о 0.3 0.4 r3 
Lom n 
M 1.0 0.7 LI 4.0 
D: с о 0.5 0.4 0.7 


Here, as in the comparisons of the first paper, the data have 
been fractionated. Averages of the judgments made within 
each half session have been calculated and a comparison 
drawn between the judgments of paired and unpaired stimuli 
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TABLE 3 

Comparison Session Averaces Jı (Paren) Амр J (Since) 

177 ms. 285 ms. 
Intensity Si bi 2 3 4 I 2 3 4 

eh 100%| 10090] 60%| 109] 209] 1009] 707% | 2090 

r >) ° о 40 80 80 o 20 7o 
sh 60 80 | тоо 20 40 бо 40 бо 
M AA о о о 20 бо 20 о 20 
heh тоо | тоо | 100 o 75 | 100 86 43 
P Je o о о о 12.5 о о о 
љ< л 66 | тоо | тоо 33 | 100 | 100 | 100 o 
p J>J 33 o o o o o o o 
a Jesh 5 о | 100 о р о | тоо | roo 
Л 100 о | тоо 100 o o 


* See text (f. n. 3) for discussion of fact that when $ was value 1, D did not hear 
itasa separate tone. "This also occurred part of the time at the next intensity. 


within each of these sessions. Table 3 indicates the percent 
of these comparisons in which judgments of single stimuli were 
less than judgments of paired stimuli, as well as the percent 
of times when the converse was true. It will be seen that for 
all subjects the direction indicated by comparing the general 
averages of Tables r and 2 is supported by the sub-averages in 
a majority of the comparisons. "These percents also iridicate, 
as do the averages themselves, that the differences are greater 
at 177 ms. than at 285 ms. The number of comparisons 
involved is stated in Table 5 of the first paper (6). 


2. Ji as a Function of the Intensity of Si 
'This relationship has not been plotted, since there are 
difficulties in the way of considering it as a true psychometric 
function. The difficulty arises, in the first place, from a lack 
of certainty that the intensity of the stimulus increases exactly 
in geometric steps. In the second place, there is a possibility 
of distortion in the distribution of the judgments produced 


! 
] 
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by the fact that the weakest and strongest tones used were 
part of the regular series. This may have affected the dis- 
tances between judgments of stimuli of different intensities, 
particularly those at the extremes (z, р. 51). Itis impossible, 
therefore, and unnecessary for the argument of the paper, to 
insist on conclusions about this point. 


3. Interrelations of Jı and Jo 
Rank difference correlation coefficients between judgments 
of the first and second stimuli for each subject at each intensity 
and interval appear in Table 4. Inasmuch as the number of 


TABLE 4 
Ено? (р) Ji-Js 

177 ms. 285 ms. 
Subject Intensity Si т 2 3 4 I 2 3 4 
B P E 15 | 36 | -60 | .33 a2 |—.15 | .67 
PE, ло | ло | ло | .07 | .09 ло | .09 | .06 
w P зі | .26 | 33 | 84 | 33 | зо | 7 | 88 
PE; .09 ло | .09 °з °9 .o9 | ло | .02 
5 Р —о8 |—.21 | .19 | .бо | .02 |—.21 26 | 54 
PE; ,o8 | .08 | .o9 | .05 | -09 08 | .08 | .06 
E P 39 | 33 | 69 | -85 | -28 47 | 2] 79 
РЕ, .09 лІ .07 :03 А 1 ло | .05 
Di P a * 42 | 8o v * 64 | 54 
PE, лі | .05 07 | .09 


* Too few J’s for correlation—see f.n. "Table 3. 


values assumed by the correlated variables was often very 
small, the possibility arose that the correlations were spurious. 
In order to check this, a scatter diagram was made of Jı and 
Jz values for each intensity, interval, and subject, and 
averages of the J values falling in each J; category were 
calculated. The means were then examined in order to dis- 
cover. whether average Jo’s paired with /15 of each value 
tended to increase when the Jys increased. A count was 


2 The limiting case of this effect is the absurd situation where one of the variables 
always has the same value, the median rank of the series. А of 0.5 results. Tied 
ranks have the same effect in increasing amounts as their frequency increases. 
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made of the number of times an increase in average Jys cor- 
responded to an increase in Jin the scatter diagram. These 
results expressed in percent of total number of possible con- 
comitant changes are found in Table 5, the results for all 


TABLE 5 
CONCOMITANT VaniATION— Jı AND Ja 


,177 ms. 


Intensity $1— H 2 3 4 


Percent increases in Jo 
averages corresponding 
to increase in J; value..| 33 47 66 93 


subjects being included. When the values exceed 50 percent, 
this indicates that over half of the changes in J, values were 
accompanied by change in the same direction in J, averages. 
As the values approach 100 percent, the relationship between 
J: and J+ becomes increasingly positive. It will be seen that 
the direction of differences from one intensity to the next is 
the same by both criteria and the following conclusions 
appear to be justifiable when both sets of data are considered. 
(1) There is an increase in the amount of positive relation- 
ship between J, and Jz as the intensity of the first stimulus 
_increases. (2) There is no correlation, or a slightly negative 


correlation at intensity 1 and 2. (3) There is marked posi- 
tive correlation at the largest intensity of $1. | 


4. Ri as a Function of Si 

The most interesting point to be observed here is the fact 
that many of the stimuli used were below the reflex threshold, 
though they were in no case small enough to be imperceptible. 
Table 6 shows the percent of trials on which lid responses were 
not present following various stimulus intensities. Since 
there were no differences in results at 177 and 285 ms. inter- 
vals, they have been included in the same Table. Even at 
intensity 3, stimuli were occasionally sub-threshold. This 
brings out a further difference in the reflex and judgment 
functions, a difference in sensitivity levels. The stimuli used, 
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which were always above the threshold for perception, were 
very frequently sub-threshold for reflexes. This fact has been 
made use of in the theory of the first paper. 

There are so few responses at intensity 2 that data of 
sufficient quantity for consideration are available only at 
intensity 3 and intensity 4. It is, therefore, impossible to 
compare the psychometric functions of Jı with Ry, or R1 with 
reflex functions previously published (4). 


TABLE 6 
Percent TRIALS WITH S, SuB-THRESHOLD FOR Ri 


Subject Intensity 

I 2 3 4 
B 100 90 53 9 
W 85 70 3 o 
5 тоо 87.5 12.5 o 
E 100 84 75 1.5 
Di 81 64 o o 
Di ; 58 24.5 6.5 о 


5. Reflexes to Sy, Paired and Single 

It is possible to look for changes in the reflex as a result of 
pairing, like those found for the judgments. It is not sur- 
prising to find, however, that at the intervals here used, Ri is 
unaffected by the stimulus which follows. The interval is 
evidently too long for summation effects and since the first 
reflex is over and done with before the second stimulus occurs, 
there can be no such effect as that noted in the judgments 
which occur after both stimuli are delivered. This appears to 
be one of the chief differences between the R and / functions. 


6. Interrelations of Ry and Rs 
An examination of the interrelations between the first and 
second reflexes has been made, although the results are limited 
in value by the infrequency of the responses to the weaker 
intensities. It can be said, however, that at intensities 3 and 
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4 for all subjects at both intervals, there are small positive cor- 
relations between №; and № and that, on the average, the 
correlation is greater at intensity 4 than at intensity 3. At 
177 ms., following S; of intensity 3, the median rho is 
+.05, at intensity 4, +.22. At 285 ms., following intensity 
3, the median rho is +.22, at intensity 4, +.27. In one 
subject, D, who showed enough responses in the lower intensi- 
ties for correlation purposes, the increase in the value of rho 
is fairly consistent with the increase in intensity for both 
intervals, the values at 177 ms. being +.05, +.37, +.06, and 
+.35, and at 285 ms., +.05, +.17, +.24, and +.30. These 
slight relationships take on added significance from the fact 
that they support the findings of an earlier study in which 
correlation between R, and R, was seen to increase with in- 
creasing stimulus intensity (5). It is also to be noted that 
the tendency suggests a parallel with that found for J:—/2 
correlations. Those correlations were largest at the largest 
intensity of Sı. 


7. Correlations Between Rs and Js 

It is possible to inquire further into the relationship be- 
tween judgments and reflexes by correlating the values of /; 
and R: within each stimulus intensity and interval, and for 
each subject. This was done with the hope that it might 
‘reveal possible interaction between J and R levels or the in- 
fluence upon these levels of some common determinant which 
was not under control in the experiment. The values of rho 
vary between —.17 and +.66 with a median of +.26 and no 
consistent tendency for correlation to be higher at the larger 
intensities. Only one-third of the 40 coefficients of correlation 
are equal to as much as 4 times their PE's. 


LIMITATIONS ОЕ PRESENT EXPERIMENT 


Before discussing the results just reported, the following 
limitations of the present experiment will be set down so that 
certain points will not be overlooked in any future comparisons 
between these and other data. Certain major differences in 
this and other experimental attacks will also be pointed out. 
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1. Judgment of both the first and second stimuli has not 
been made in previous experiments. The question may be 
raised whether Jz follows the same functions under these 
conditions as when J; is not judged on an absolute scale. It 
can only be said that one subject, D, did make judgments on 
this basis before she was required to judge both stimuli. 
This small amount of evidence suggests that Jz follows the 
same function under both conditions. 

2. Previous experiments have not made a comparison be- 
tween the judgment of paired and unpaired stimuli occurring 
within the same series. Future experiments should seek to 
discover the effect on judgment of the single stimulus of 
inclusion within a series of paired stimuli. This is crucial to 
the determination of possible effects of expectancy established 
by pairing, upon J; and J2. 

3. The present experiment has used a much larger range of 
intensities than is commonly employed. The wide range was 
necessary in a preliminary experiment which was interested 
chiefly in a comparison of the /; and Rs functions, because the 
differential threshold of the reflex is large and requires wide 
differences in the intensity of S; in order to demonstrate the 
effect of that intensity upon the decrement in Rs. It is 
obviously necessary to explore the intervening stimulus values 
under present conditions: Furthermore, the stimulus range 
should contain intensities beyond those used in the experi- 
mental series. Failure to do this probably distorts the end 
values of the experimental series. 

4. The experiment should be extended to include situations 
in which S; and S; are equal at other stimulus intensities. 
Also, exploration should be made of situations in which S; is 
greater than Sə This is necessary in order to test out the 
limits of the relation between intensities of Sı and decrement 
in Je, and it will be an important bit of evidence in connection 
with a theory of equilibration to be discussed, which hinges on 
relative rather than absolute values of the stimuli. 

5. Other time intervals should be explored, again in order 
that the limits.of the present generalizations may be set, and 
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that changes in the reflex and judgments at longer intervals 
may be compared. ; 

6. Finally, it is important that the stimulus values be 
stated with reference to a threshold. This was impossible 
because of the limitations of the apparatus. The exact rela- 
tions of the stimuli should also be known, though the error in 
this respect is certainly small in the present experiment. 


Summary AND Discussion 


‚ The present paper is a continuation of the report of an 
experiment in which subjects judged paired tone stimuli which 
elicited lid reflexes. The first stimulus of the pair varied in 
intensity; the second remained constant and followed the 
first at either 177 or 285 ms. Single stimuli were interspersed 
in the series. The first paper has reported certain facts about 
the decrease in size of judgment values of a stimulus and am- 
plitude of a reflex to the same stimulus when occurring second 
in a pair. The present paper has undertaken a consideration 
of the judgments of, and reflexes to, the first stimulus, the 
interrelation between pairs of judgments, between pairs of 
reflexes, and between judgments and reflexes. A summary of 
‘the similarities and differences in judgment and reflex func- 
tions follows. 

1. In the first paper judgments of the second stimulus of 
a pair and reflexes to the same stimulus were shown to be 
similarly related to changes in the intensity of a preceding first 
stimulus, except at the largest stimulus intensity where there 
was a reversal in the J» function. : 

2. Js and R, were also shown to be similarly affected by 
increase in the interval between S, and Se and, as а conse- 
quence, it has been suggested that these aspects of R, and Jo 
as well as certain similar findings for spinal reflexes, may be 
subsumed under the same generalizations regarding the 
development of inhibitory processes. 

3. In the present paper J; and Ё are both seen to increase 
with increase in intensity of the stimulus, but the psychometric 
functions cannot be compared because of the reflex threshold 
which is so high that few reflexes were obtained at the two 


—_— 
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lowest intensities of Sı. The higher reflex threshold con- 
stitutes an outstanding difference in the two reactions. 

4. The study of judgments of the first stimulus of a pair 
has revealed the further fact that Jı paired tends to be 
greater than judgments of single stimuli except when S; has 
value 4. No such effect of pairing is apparent in the R 
results. This adds a further difference in the reactions at 
these two levels of behavior. Such a result is to be expected 
in view of the frequently observed difference in time factors at 
different neural levels. Lorento de Nó (2) has demonstrated 
the existence of self-reéxciting chains in the nervous system 
and has suggested their role in facilitation and inhibition. It 
seems reasonable to suppose that, as the complexity of neural 
organization increases, the number and length of such re- 
verberating systems will increase, with the consequence that 
neural after-effects set up by a stimulus should persist longer 
at complex levels than in simpler systems. It is significant 
that Lorento de Nó (3) and others have commented on the 
longer time values at cortical levels. 

The shorter latency of reflexes as compared to voluntary 
and higher level responses is doubtless an additional factor of 
importance in the difference under discussion. Both these 
temporal characteristics of cortical functions, their greater 
persistence and their longer latency, would help to make 
possible an overlapping of the after-effects of Sı and those of 
Ss The third paper of the series will discuss other possible 
explanations of the effect of pairing on Jı (8).* 

5. Tt should be noticed that, whatever may be the source of 
the enhancement of J; paired, it will tend to increase the posi- 


_ tive time order error as much as does the inhibition of? Js, and 


2 Tn a note to be published (у) it will appear that subject D often failed to distin- 
guish the presence of two separate tones at the lowest and second intensity of Si, 
although neither tone was sub-threshold. This certainly indicates either a very long 
latency of response to S; and/or persistence of excitation following Sı so that it over- 
lapped with Sz processes. There was never such overlapping in the reflexes. 

4 t is interesting to speculate whether such differences in the persistence of after- 
effects of stimuli at different neural levels may be related in any way to the relative 
ineffectiveness of backward conditioning as compared to the common occurrence of 
backward associations in the learning of verbal material. Longer enduring processes 
at the level involved in verbal learning might make possible backward associations. 
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must, therefore, be considered in the discussion of time error 
theories in the paper following. 

6. Positive correlations have been shown to exist between 
first and second responses in both judgment and reflex at the 
larger intensities of Sj. At the two smaller intensities the 
correlations tend to be zero or slightly negative. Many 
factors which might be common to the first and second re- 
sponses could be mentioned as possible sources of these posi- 
tive correlations, though the reason for the fact that the 
correlations are positive only at the large intensities is not 
obvious. It might be supposed, however, that since addi- 
tional nerve fibers become active when stimulus intensity is 
increased, responses to stimuli of the same intensity are more 
likely to involve the same pathways than are responses to 
stimuli of different intensities. Asa consequence, with identi- 
cal stimuli, transient sources of variation which would affect 
a first response would be likely to influence in some degree a 
second reaction following closely after and depending on the 
condition of the same neural tissue. It may be, then, that 
the positive correlations of J; and /» and of R, and Р, at the 
large intensities are not due to the absolute size of the stimuli 
but to the fact that at intensity 4, S; and S; were equal in in- 
tensity. On the other hand, absolute size may be the deter- 
mining factor and it may be that sources of facilitation or 
inhibition external to the responding system are ‘tapped’ only 
when the stimulus reaches a certain intensity. Other factors 
that might produce a correlation between J; and Ја are dis- 
cussed in the third paper (8). 

7. Finally, small positive correlations have been observed 
to exist between /; and Re. When interpreting these results | 
it must be remembered that these correlations have been 
calculated from Jys and R,’s occurring under a constant 
experimental condition. The low values are, therefore, not 
inconsistent with the conclusion that the functions of R’s and 
J's are similar in certain respects. If, for example, stimulus 
intensity is varied systematically, then the size of Rs and J's 
tend to vary in a similar fashion. When, however, no such 
factor is undergoing systematic variation, as was the case for 


TIME ORDER ERROR IN SUCCESSIVE JUDGMENTS: П 115 


values correlated, changes in R and J must be determined by 
chance influences which may or may not affect both reactions. 
The present results indicate that only a small amount of 
variation in R and Ja is determined by the same chance 
variables, a result which needs checking by more cases, for 
the numbers for each coefficient are small. If these low cor- 
relations should be confirmed the result would suggest that 
the two reaction systems operate with considerable inde- 
pendence of each other and that any similar relations which 
they show to independent variables must be due not to 
interaction between levels, but to similar and relatively inde- 
pendent processes which are set going by the determining 
factors in question. Such facts should have important bear- 
ing on theories of organization of the nervous system. 


(Manuscript received June 15, 1939) 
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A PHOTOGRAPHIC METHOD FOR STUDYING 
DISCRIMINATION-LEARNING IN CHILDREN 


BY THEODORE A. JACKSON 
Columbia University 


Experimentation in discrimination-learning had been te- 
dious and time-consuming until Lashley (2) gave us the jump- 
technique. That method was designed primarily for rodents 
and probably could not be used with very many different 
types of animals. The method described herein is designed 
for use with child subjects, and it too is a time-saver. Instead 
of using punishment to hasten the learning, economy is effected 
by speeding up the rate of giving the trials, and also by making 
it possible to use many subjects simultaneously. Description 
of the method will be divided into two sections: one dealing 
with the preparation and presentation of the stimuli, and the 


other with instructing the subjects and recording their 
responses. 


Preparation of the 
patches, then photogra 
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but two inch slides or standard slides might be used. The 
advantage of the film-strip is that the presentation-order of 
the stimuli may be pre-arranged. "This reduces to a minimum 
the possibility of confusion, and it eliminates the possibility 
of secondary cues from a slide carriage. Secondary cues from 
the film itself are also eliminated, for the same frame is rarely 
if ever repeated. It is much easier to turn up a film strip to 
the next frame than it is to change slides, particularly if, in 
the latter, one is required to keep track of the order of 
presentation. 

Since there will be many different arrangements of stimulus 
patches to be photographed, and these must be made from the 
same distance and at precisely the same angle, it will be more 
convenient to use a holder for both the camera and the stimuli. 
Vertical models resembling modern enlargers are most satis- 
factory for the stimuli may be arranged in the horizontal 
plane. If there is a tendency for the stimulus patches to curl 
and thus cast shadows, a plate glass may be placed over them. 
It is important that the proper type of 35 mm camera be 
selected. It must have a good lens that may be focused up to 
two feet or less; it should have a ground glass attachment for 
focusing and composition. The least expensive camera that 
will satisfy these requirements is the Sept. Although it is 
no longer manufactured, second hand ones can usually be 
obtained through large camera exchanges for about $20. Ex- 
pensive candid cameras with the proper attachments are also 
adaptable. Either single frame or double frame cameras are 
all right. There is no particular advantage in the larger size. 
The present trend seems to be to use single frames for film- 
strips. Positive film, because of its high contrast, is probably 
the best type of film to use. It should be used with contrast 
developer. 

It is important to select a good projector if the stimuli are 
to be accurately presented on the screen. It also should have 
a good lens? and it should have at least a 200 watt bulb as 
a light source. Weaker projectors could hardly be used dur- 


? Frequently the same lens may be used in the camera and the projector, thus 
saving the expense of two good lenses. 
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ing the day even with the window shades drawn. It goes 
without saying that the darker the room the greater the 
contrast between the stimuli and the background. If film- 
strips are used, it is essential that the projector have a device 
for automatically adjusting the frames as they are turned up; 
` otherwise much time will be lost. The screen, if used in the 
front of a large school room, should be at least four feet square. 
The “half-tone” type of screen surface gives better contrast. 
It should be placed at exactly 9o? with respect to the line of 
projection. The distance between the screen and the pro- 
jector should be such that the projected stimulus fields will 
just about fill the screen. It is most important to see that all 
subjects can view the entire surface. It is impossible with the 
present method to arrange that each subject get exactly the 
same view of the stimuli. That no appreciable error will 
occur because of the differences in distance and angle-of-view 
is well supported by the many studies of constancy. 
` The responses of the subjects are recorded by a system 
which requires the child to put numbered tickets into either 
of two ballot boxes. Each subject is given as many tickets 
(hat check stubs) as there are trials to be given in an experi- 
mental session. These are numbered consecutively beginning 
with No. т. They are placed on a hook in front of the child 
so that he can get them off easily as they are needed. Two 
small boxes (two inches square and three inches high) are also 
placed in front of the child, one on his right and the other on 
his left. These ballot boxes have in their tops small slits of 
appropriate size for inserting the tickets, At each stimulus 
presentation, each subject is to place a certain numbered 
ticket in one of the two boxes before him. If the positive 
stimulus appears on the right-hand side of the screen the 
correct response for the child is to drop the ticket in his right- 
hand box, and vice versa for the left-hand side. Since the 
presentation of the stimuli is coordinated with the use of the 
numbered tickets, it is possible, after the trials are completed, 
to decipher the correct and incorrect choices made by each 
child. In order that one subject does not see what choice his 
neighbor makes, three-sided square screens, made by clipping 
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together two manila folders, were placed on each child’s desk. 
The open side of the screen was toward the child and the 
ticket holder and the boxes were within it. A child could not 
observe the selection made by another except by very obvious 
craning. If this occurred the experimenter in the back of 
the room could easily detect it. 

The method may be introduced to the children by some 
variation of the following instruction. ‘This is a kind of 
guessing game. Two pictures will be shown up here (experi- 
menter points to the blank squares projected on the screen) 
and you are to guess which one you think is the right опе. If 
you think the picture on this side (E points to the left-hand 
square) is correct, then put your ticket in the box on that same 
side of your desk. If you are not sure, guess. You are to 
put a ticket in one of the boxes each time a new picture is 
shown. Now let’s practice a little before we begin. If the 
correct picture is here, which box will you put the ticket in? 
Show me by raising your hand on that side. (If all appear to 
understand, proceed to the first trial.) Now everybody get 
ticket No.1. Hereis the first pair of pictures. Look at them 
carefully and decide which one you think is the correct one, 
then drop the ticket in the box on that same side. (When all. 
have dropped their tickets, turn up the film to the next frame 
which will indicate whether they made a correct choice. The 
square which contained the positive stimulus will now have 
the words “This Was the One”) Let's see the hands of those 
that got the first one right. Now everybody must try to 
get the next one right. Get ticket No. 2.” This informal 
procedure may be continued through the first five trials. By 
that time the routine will be sufficiently well understood that 
no further instruction will be needed except in special cases 
now and then. 

In using this method it has been found that the motivation 
stimulated by the verbal instruction together with the com- 
petitive element that spontaneously appeared was sufficient 
to carry our subjects through one hundred trials without 
apparent diminution of interest. The first time the method 


was used, material rewards were promised to all subjects who 
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worked well, but these could be distributed only after the 
training was completed. Although they were delighted to 
get their rewards( marbles for boys and beads for girls), it was 
obvious that there was no significant functional relation be- 
tween the rewards and the learning. It had been thought 
that this means would be necessary to maintain the interest 
level. Since this novel type of work seemed to be interesting 
enough in itself, no material rewards were used in subsequent 
work. Satisfactory results were obtained under this condi- 
tion. If however this method should be used with individual 
subjects, it would undoubtedly be wise to use a material 
reward, for the factor of social stimulation would be absent. 

In order that all subjects understood the procedure per- 
fectly, twenty-five preliminary practice trials have been used. 
'The first five have been described above, and the next five 
were similar but were given without additional instruction. 
In the next five information regarding the correctness of their 
choices was omitted. This was done to prepare them for the 
omission of the check-up in the critical trials which followed 
the regular training. Trials 16 to 20 were like 6 to 10, and 
21 to 25 were like 11 to 15. 

The presentation time of the stimuli has been controlled in 
the following manner. Alternate quadrants of a twelve inch 
disk of stiff black cardboard were cut out. The disk was 
rotated, by means of a clock mechanism, at the rate of five 
revolutions per minute. It was placed so that the edge turned 
in front of the lens of the projector, and thus alternately inter- 
cepted the beam of light. In this way the stimuli were auto- 
matically timed for three-second exposures; intermissions were 
also of three-second duration. This exposure time allows 
the slowest child ample time to make his choice and drop his 
ticket. The routine used is as follows: Subjects get tickets; 
stimulus is presented for three seconds; intermission for three 
seconds; information picture is shown indicating whether 
choice was correct or not (three seconds); intermission during 
which time they get the next ticket. Although this method 
gives uniform exposure of the stimuli and maintains a fixed 
rhythm, it seemed too slow and inflexible particularly after 
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the subjects had learned the discrimination. All subjects, 
after a few trials, make up their minds and drop their tickets 
before the exposure time is up. They have to wait the re- 
mainder of that period as well as through the intermission 
before they are able to check-up on their response. Under 
this condition of delayed reward, training is less efficient and 
interest is dissipated. The following modification of the 
procedure, though it involves less uniformity of exposure time, 
may be better in many cases. After a given exposure is begun 
the subjects are instructed to make their choice, and drop their 
tickets, and then raise their hands as quickly as they can. 
When all hands are raised the film is turned up to the informa- 
tion frame. After a few trials of training on a given set of 
stimuli all subjects will be able to finish within two seconds. 
The information frame might be shown immediately, but for 
only about a second. If an intermission of two seconds is 
allowed during which the subjects get their tickets for the 
next trial, the complete cycle from trial to trial would require : 
but five seconds. This is less than half the time required in 
the first method. 

The method of giving information to the subjects, described 
in the foregoing, might also be modified. It is suggested 
that the stimuli be presented again along with the information. 
This might be done by having an arrow point toward the 
correct stimulus rather than using the words “This Was the 
One.” Since any modification of the pattern of the stimulus 
or of the stimulus field would disturb perception of the inter- 
relations between the stimuli, the arrow must be placed out- 
side either background. It might best be placed above. This 
suggested modification will undoubtedly make any task easier 
to learn, because the subjects may see the stimuli while they 
are checking-up. This can hardly be regarded as a disad- 
vantage, so the alternative procedure will probably be pre- 
ferred. à 
The method has been used successfully with second and 
third grade pupils. It could be used with any children that 
can recognize numbers, and possibly even younger if the 
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experimenters take care that all subjects use the right num- 
bered ticket each trial. i Я 

As in most discrimination work, the method has been de- 
scribed in terms of two stimuli, but any number from one to 
nine may be used. An adaptation of this procedure has in- 
volved the use of nine stimuli. It is suitable not only for dis- 
crimination-learning but also for studies which are placed under 
such headings as ‘multiple choice,’ ‘transposition,’ and ‘con- 
cept formation.’ 

. It has been indicated earlier that many more trials may be 
made with this than with the usual methods. The writer 
using the traditional method (1) was able to give about 25 
trials in 20 minutes to a single subject. With the present 
method it should be possible to give тоо trials to 15 children in 
about thirty minutes. The latter compares with the former, 
in terms of subject-trials per hour, per experimenter, as 20 to I. 
It may occur to some that speeding up the trials will somehow 
dilute the quality of the results if not invalidate them. The 
opposite is probably the case. If a child subject is forced to 
wait between trials his interest is certain to decrease. ‘Trials 
should be given as rapidly as is consistent with accuracy and 
with the comfort of the subjects. The child should be kept 
busy, and only brief (perhaps two seconds) intermissions 
should be allowed. Although this method has been designed 
especially for research with groups of children, its speed makes 
it of considerable value for work with individuals. It is 
probably four or five times as fast in individual work as the 
traditional method. 

The advantage of the present recording system over 
ordinary paper-pencil methods is that the subjects are unable 
to look back over previous choices and thus run the risk of 
becoming confused. Also it is probably easier to drop tickets 
in boxes than it is to use a pencil to make a mark in a certain 


square on a mimeographed sheet. This advantage makes 
the method as a whole adaptable for a wider age range. 
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SuMMARY 


A method of studying discrimination-learning in children 
has been developed. The stimuli are photographed on 35 mm 
film-strips and projected on a screen before a group of 
тото 20 subjects. They indicate their choices between the 
right-hand and left-hand stimuli by dropping tickets (hat 
check stubs) into either of two boxes placed on their desks. 
Information as to which is the correct stimulus is also pro- 
jected on the screen immediately after the subject’s response. 
A record of each child's choice for each trial is determined by 
checking the numbered tickets dropped into either of the 
ballot boxes against the presentation order of the stimuli. As 
compared with traditional methods of studying discrimination, 
this method will enable one to gather about twenty times as 
much data per unit of experimentation time. 


(Manuscript received June 27, 1939) 
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A STUDY TO DETERMINE THE RELATIVE EFFEC- 
TIVENESS (VISIBILITY) OF RED, ORANGE, 
YELLOW, GREEN AND BLUE, UNDER 
CERTAIN SPECIFIED CONDITIONS 


BY FRANKLIN O. SMITH 
Montana State University 


The present study was motivated by the desire to deter- 
mine the most effective color, or colors, for road signs con- 
sidering dimness of illumination due to cloudy days, fog, and 
twilight. The experiment included the relative effectiveness 
(visibility) of red, orange, yellow, green and blue when seen in 
very dim light. For the purpose of the experiment, Hering 
colored papers 26 X 34 mm were pasted on strips of card- 
board 1" by 3". The colors were presented in pairs by the 
method of paired comparisons. Twenty-two subjects, stu- 
dents with normal vision in general psychology, were given 
three trials of ten pairs each, a total of 30 comparisons for each 
subject. n 

The source of illumination was a 25 Watt incandescent 
lamp which was reduced by means of a filter to .o1 of the 
original illumination, or about .25 foot candle. 

A second object of the experiment was to determine the 
effect of contrast on the visibility of the colors included in the 
study. 'To measure the effect of contrast, narrow strips of 
black, white and orange were pasted across each of the five 
colors; one set of five colors with black strips, one set with 
white, and one set with orange. In another set the word 
*Stop' was printed in black across each color. 4 

The results are presented in Table I. Column 1 contains 
the pairs of colors compared; column 2, the number of times 
each color was judged more effective than its paired associate; 
column 3, the number of times each color when contrasted with 
black was judged superior to the other color of the pair; 


columns 4 and 5 give similar measurements for white and 
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orange respectively, and column 6, the same for the word 
‘Stop.’ 

The results are presented in terms of ratios based on the 
number of times each color of a pair was reported as being 
seen more clearly than the other color of its pair. For exam- 
ple, in a total of 66 comparisons of red and blue, red was 
reported as seen more clearly 60 times and blue 6 times. The 
ratio is, therefore, 60:6 in favor of red. The term “effective” 
as used in the present discussion is equivalent to visibility 
and the two terms will be used interchangeably for the sake of 


TABLE I 


Summary or RESULTS SHOWING RELATIVE EFFECTIVENESS OF THE Five COLORS UNDER 
THE Various Conpitions DESCRIBED ABOVE 


I 2 3 4 5 6 
55:11 TV EY 38 : 28 
65:1 50 : 16 — 63:3 
— 62:4 — 40 : 26 
58:8 41:25 — 37:29 
65:1 44:22 — 54:12 
66:0 57:9 63:3 62:4 
50:16 — = Gu 
63:3 — 61:5 35:31 
66:0 — — 45:21 
65:1 —— — 49:17 
65:1 35:31 49:17 55:1 
— 66:0 — ES 
— 6:20 49 : 17 eum 
— 6:0 58:8 = 
— 4:22 38 : 28 «AD 


variety. The terms superior and inferior are used to indicate 
greater or less effectiveness. 

To summarize the results as presented in Table I, the first 
observation to be made is that orange is the most effective 
color ranking above all the other colors (col. 2). It is most 
effective when compared with blue, the ratio being 66 : 0, or 
100 percent. Orange was judged more effective than red 
64 out of a total of 66 trials. It was relatively least effective 
when compared with yellow. Thus orange is seen to be 
relatively more effective when compared with the extreme 
colors of the spectrum, red and blue, which are therefore 
farther from orange in brightness, than when compared 
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with those colors which are nearer in brightness to itself, as 
green and yellow. Yellow is seen to be more effective than 
red, green, and blue. It is relatively most effective when 
compared with blue, in which the ratio is 62 : 4 or 94 percent. 
Its relative effectiveness is least when compared with orange 
as shown by the ratio of 28 : 38, or 42 : 5 percent. The dif- 
ference in effectiveness, when compared with blue and with 
orange, corresponds to the difference in brightness of blue and 
orange. The relative visibility of yellow when compared with 
red is approximately the same as when compared with green. 

Green is more effective than red and blue. It is most 
effective when compared with blue with a ratio of 61 : 5, or 
92 percent, and least effective when compared with orange 
with a ratio of I1 : 55, or 16:7 percent, and only slightly 
higher when compared with yellow in which the ratio is 
I4 : 53, or 20 percent. 

Blue is the least visible of all the colors, its effectiveness 
being least when compared with orange (ratio o : 66) and 
greatest when compared with green (ratio 5 : 61). 

When these colors are contrasted with black (col. 3), their 
visibility is only slightly different from what it is when 
compared without contrast effect as in column 2. The rela- 
tive effectiveness of orange and yellow is reversed, yellow 
showing greater visibility than orange. This may be ex- 
plained by the greater contrast effect of black on yellow than 

‚ on orange. 

Contrasting these colors with white, however, reveals 
some marked changes in their relative effectiveness (col. 4). 
Orange is again the most effective color, the ratio being great- 
est for yellow, and least for green and blue. Orange, how- 
ever, is considerably less effective in comparison with all the 
other colors when contrasted with white than when contrasted 
with black or without contrast effect. 

Under the same condition, yellow is inferior to all the other 
colors in visibility, its average effectiveness in comparison with 
red, orange, green and blue being in the ratio of only 21:163; 

When red yellow, green, and blue are contrasted with 
orange (col. 5), blue proves to be the most effective color when 
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j compared with yellow; the ratio being 58 : 8, or 88 percent. 
, It is clear that the contrast effect of orange on blue is greater 
| than on yellow or green; hence the greater relative effective- 
Я ness of blue. l Я 
Column 6 represents the effectiveness of a meaningful 
| word, ‘Stop,’ printed in black, when seen against various 
| backgrounds of color. It is most effective when orange and 
yellow are compared with red, 95 : 5 percent, and 94 percent 
respectively. This agrees substantially with the results as 
represented in columns 2 and 3, that is, when the colors are 
compared without contrast or when contrasted with black 
if bars. i 
Green ranks next to orange as a background on which the 
word ‘Stop’ was read, when green was compared with red 
(ratio 55 : 11, or 83 percent). When compared with blue its 
effectiveness as a background was indicated by the ratio of 
49:17. In other words ‘Stop’ is read less effectively against 
a background of green when green is compared with blue than 
when it is compared with red. In terms of the relative bright- 
ness of these colors when compared with green, this is what 

should be expected. . 


TABLE II 


Table II contains the total number of times each color was seen more clearly than 
its paired color for each of the four conditions described in Table I. 


2, 2 з 4 5 Total Percent 
88 57 76 37 258 21.5 
, 223 204 197 — 624 69 
199 245 193 132 769 64.8 
135 141 148 82 506 42 
15 13 178 145 351 29 


7/ 


. . The results show that orange was judged more effective 
than its paired color 245 times out of a total of 300 compari- 
Sons, or 70 percent of the times. Yellow was a close second 
with 199 out of 300 comparisons, or 67 percent of the times. 
Blue and red are least effective, being seen more clearly than ` 
their paired colors only 15 and 22 times, or 5 percent and 7 
percent respectively. 
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When these colors are contrasted with black, yellow is 
judged the most effective 245 times, or 80 percent of the total 
number of comparisons. Orange follows with 204, or 68 per- 
cent. Blueis again the least effective color with a score of 15, 
Or 4 percent. 

When the colors are contrasted with white, green becomes 
the predominant color with a score of 148, or 61 percent, and 
blue slightly less effective with a score of 178, or 59 percent. 
Yellow falls to the bottom of the scale with a score of 14, or 
4.7 percent. 

When contrasted with orange, blue was judged the more 
effective over its paired color 145 times, or 48 percent, while 
the second highest in rank was that of yellow, 132 times, or 
44. percent. j 

If we consider the totals of all comparisons under the “our 
conditions, it is evident that orange predominates with a total 
score of 624 out of a total possible score of 900, or 69 percent. 
(There were 300 fewer comparisons for orange than for other 
colors since orange was one of the contrast colors.) Yellow 
ranked second in effectiveness with a score of 769 out of a 
possible score of 1200, or 64: percent, while green ranked third 


with a score of 506, or 42 percent. Red was the least effective 
with a score of 258, or 21.5 percent. 


CoNcLUSIONS 


А When the colors included in the foregoing experiments are 
seen in very dim light without contrast effect, orange is the 
„most effective color. Its advantage is greatest when com- 
pared with blue, next with red, then green, and least yellow. 
Red is superior to blue, but inferior to the other four colors. 
Yellow is more effective than blue, red, and green in the order 
here indicated, while green is more effective than blue, but 


ranks below the other four. Blue shows the least visibility 
of all. 


(Manuscript received June 28, 1939) 
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APPARATUS FOR PRODUCING INTERMITTENT 
AUDIBLE PULSES 


BY BERTRAM WELLMAN AND LEONARD CARMICHAEL 


In many psychological experiments, it is desired to produce 
definitely timed pulsations of tonal stimuli. Mechanical 
switches of various types devised for this purpose have all 
proved in certain respects unsatisfactory. The apparatus 
here described makes it possible to control the onset and the 
cessation of the stimulus and thus to avoid ‘clicks’ and other 
secondary stimuli sometimes produced by mechanical devices. 

The present apparatus can also be used in timing any 
psychological performance; that is, it may be employed essen- 
tially as a metronome with a wide frequency range and with 
great adaptability. 

TThe electrical apparatus here described produces pulses of 
audio-frequency electric current of any desired duration from 
less than one hundredth of a second up to a minute or more, 
separated by intervals of any desired length within the same 
range. No moving parts are used, its action being entirely 
electrical. { 

The left hand portion of Fig. 1 diagrams a thyratron 
inverter designed to produce a pulsating current of the desired 
duration and interval, and approximately rectangular wave 
form. . 

The pulses from Т» are conducted to the grid circuit of the 
push-pull audio frequency amplifier shown at the right of the 
diagram, and make the grids of T; sufficiently negative to stop 
the flow of current in the plate circuit of this tube. Thus in 
the interval between the pulses of Т», T; acts as an amplifier, 
while during the conducting period of Т» its amplification is 
Zero. 

Any desired audio frequency may be introduced into the 
input circuit of the amplifier, and the output will consist of a 
series of pulses of that frequency. It is essential to use a push- 
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pull circuit in the amplifier in order to avoid the loud clicks 
which would otherwise be produced by the sudden interrup- 
tion of the plate current. : 

If a wide range of duration and interval values is desired, 
it is best to use multi-point switches to select the necessary 
values of Rs, Rs, Ci, and Cz. Thus Rs and Rs may each consist 
of a 10 megohm variable resistor (volume control type) in 
series with an eleven point selector switch arranged with ten 
5 megohm grid leak resistors to give from o to 50 megohms in 
5 megohm steps. (C,and C; may each consist of six condensers 


SPEAKER 


AUDIO INPUT 


TO 
INDICATOR 


Fic. т. Ts, Ts, type 885 thyratron; Ts, type 79 duo-triode; Ry, Re, 10,000 ohms, 
5 watts; Rs, Rs, 2,000 ohms; Rs, Re, 0-50 megohms, variable; Rz, Rs, 150,000 ohms; 
Ro, Rio, 500 ohms; Ci, Cs, .001-2 microfarad variable; Cs, .оот microfarad; О. T., 
output transformer. ^ 

Note that the two power sources do not have a common negative, so either one 
may be grounded, but not both. 


having values of .oor, .005, .02, .1, .5, and 2.0 microfarads 
respectively, with a six point selector switch to permit the use 
of any one condenser. The duration in seconds of the pulse is 
approximately equal to the product of Rs in megohms and 
Cs in microfarads, while the interval between pulses is approxi- 
mately equal to АС. Since the exact values of the duration 
and the interval between pulses are also dependent upon the 
characteristics of the thyratrons, the above formulas are only 
rough approximations, but they are useful in predetermining 
what values of R and C should be available if a more limited 
range is to be covered. Long times may not be secured by 
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indefinitely increasing R, since the grid of the tube itself 
conducts away the charge of the condenser, so if very long 
times are desired, larger condensers must be used. 

In any work where oscillographic recording is used, it is 
convenient to record the pulses of T, as an indication of the 
‘on’ period of the stimulus. 

In starting the apparatus, be sure that switches Sı and S; 
are open and remain open until the heater current of tubes has 
been on for at least 30 seconds, and the cathodes are at a red 
heat. Then close switches Sı and S; successively. A single 
double-pole switch should not be used here, since if the 
switches are closed simultaneously, the inverter will not start. 
Control of the phase of the onset and cessation of stimulus 
may be obtained, if desired, by suitably impressing the audio 
frequency on the grids of the thyratrons. 


(Manuscript received July 11, 1939) 
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CONDITIONING IN THE SPINAL РОС! s 


BY P. S. SHURRAGER? AND ELMER CULLER 
University of Rochester я 


Positive evidence that the spinal cord, when completely 
severed from the brain centers with which it is normally asso- 
ciated, is capable of establishing a substitute or ‘conditioned’ 
response (CR) has not hitherto been reported. Heretofore 
the higher brain levels, whether of cortex (Pavlov, 9, p. 330; 
Zeliony, 14, p. 50 and p. 147; 15, 181 f) or of thalamus 
(Culler and Mettler, 4, 607 f; 3, 291 f; Girden, Mettler, 
Finch, and Culler, 8, p. 383; Poltyrew and Zeliony, 11, p. 157) 
have always been intact when conditioning was demon- 
strated. From evidence of this kind arose two widely ac- 
cepted beliefs: (а) that spinal function is characterized by the 

1Communication No. 33 from the Laboratory of Physiological Psychology 


+ (Animal Hearing), transferred from the University of Illinois to the University of 


Rochester in September, 1938. The experiments here reported were in part performed 
at the University of Illinois. This laboratory is maintained by aid of the Research 
Council, American Otological Society. 

2 National Research Fellow in Psychology, University of Rochester. 

з А motion picture and several reports covering various phases of this research 
have been presented in the last three years. These reports include: (1) “Observations 
on the Spinal Dog,” E. A. Culler (in collaboration with P. S. Shurrager), Minneapolis 
meeting of the American Psychological Association, 1937; (2) “Conditioning and 
Related Phenomena in the Spinal Dog,” P. S. Shurrager and E. A. Culler, Indianapolis 
meeting of the American Association for the Advancement of Science, 1937; (3) 
"Phenomena Allied to Conditioning in the Spinal Dog," and (4) the motion picture 
entitled “Phenomena Analogous to Conditioning in the Spinal Dog," Р. S. Shurrager 
and E. A. Culler, Baltimore meeting of the American Physiological Society, 1938; 
(5) Further Observations on ‘Conditioning’ and ‘Extinction’ in the Spinal Dog,” 
P. S. Shurrager, Bryn Mawr meeting of the Eastern Psychological Association, 1939; 
and (6) doctoral thesis, “Conditioning in the Spinal Dog,” University of Illinois, 1939: 
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transmission of nerve impulses along inherent reflex paths 
whose course is due not to conditioning but to processes of 
maturation; (D) that participation of some portion of the 

| brain (cortex or thalamus) is, therefore, requisite for all con- 
ditioning. The implication of these doctrines that brain is 
something леш in the evolution of nervous tissue, possessing 
unique (associative) properties such as are not found to any 
degree in the simpler mechanisms of the cord, has never, 
despite much plausible rationalization, been wholly convinc- 
ing. Efforts have accordingly been made from time to time 
to institute conditioning within the functional framework of 
the cord; but,the spinal animal looks and acts so very unlike 
the normal intact animal with which the conditioning pro- 
cedure was first employed and developed that crucial evidence 
is hard alike to secure, to recognize, and to evaluate. “‘Sev- 
erance of the cord in higher mammals (cat, dog, monkey) 
produces at once a limp quietude of the skeletal muscles aboral 
from the transection; and even when the whole segmental 
length of the cord is so included. "This muscular inactivity 
comprises absence of active attitude” (Creed, et al., 1, p. 151). 
This quiescence of the skeletal musculature ‘proves on analy- 
sis to mean quiescence of the reflex organ,’ which thus pro- 
vides a ‘clean background of passive quiescence’ for the study 
of spinal coórdination (p. 155). These statements have been 
widely accepted by physiologists and psychologists alike; 
‘absence of active attitude’ and ‘background of passive quies- ` 
cence' being taken to imply (whether correctly or not) the 
absence of modifiable response mechanisms (CR) in the cord 
as well. 

In these precursive remarks are implied the problem and 
purpose of this investigation. Is an isolated segment of the 
spinal cord, when its sensory and motor peripheral mecha- 
nisms are preserved intact, capable of acquiring substitute 
responses (i.¢., of establishing new sensori-motor connections) 
which were not reflexively present after transection? In 
short, is spinal conditioning possible; and, if so, what is the 
nature of the thus created CR and of the mechanisms by 
which it operates? 


с ГИ i $ 
. CONDITIONING IN SPINAL DOG 
е» 

‘Throughout the paper the accepted terminology? of con- 
ditioning and extinction is employed. This usage is not an 
effort to forestall the question: are these phenomena really 
comparable to those which attend the rise and fall of condi- 
tioning in dogs with complete or partial brain? To this ques- 
tion the present paper gives an affirmative answer by demon- 
strating that, if the spinal preparation be subjected to the 
same experimental procedures (‘operations’) which induce 
conditioning and extinction in the normal dog, certain effects 
appear which exhibit an unmistakable kinship to those mani- 
fested by normal animals under similar conditions. 

„Methodology —A. Operative Procedure.—Dogs ranging from two months to two 
years of age were found to be best adapted to the problem, though conditioning has 
been demonstrated in very young, puppies (three to five days after birth),® kittens 
(at birth), as well as older cats and dogs. This paper is confined to observations in 
dogs. The operative procedure employed in these experiments is substantially as 
follows: Р 

1. Under complete ether anesthesia, the dog is tracheally cannulated. When 
the transection is made in the cervical region above the respiratory spinal roots (fifth, 
sixth, and seventh cervical) of the phrenic nerve (Ellenberger and Baum, s, p. 549) 
mechanical respiration is required. 


4 The terminology and abbreviations used in this paper are: (1) UCS (uncondi- 
tioned stimulus), electric shock to the hind-paw; (2) CS (conditioned stimulus), a 
slight stimulation, electric or mechanic, applied to the tip of the tail; (3) UCR (uncon- 
ditioned response), a full flexion of the M. s-i (semitendinosus muscle) in response 
to the UCS; (4) CR (conditioned response), the acquired or substitute reaction of a 
portion of the М. S-T in response to the CS; (5) conditioning, the process of combining 


the CS and UCS in such a way that CS, when presented alone, comes to elicit the CR; : 


(6) extinction, the process by which an existing CR is abolished when the CS is re- 
peatedly presented without reinforcement; (7) reconditioning, the procedure of re- 
peating the conditioning process after one or more extinctions; (8) reéxtinction, the 
procedure of repeating the extinction process after two or more conditionings; (9) ces 
(central excitatory state), the term (c.e.s.) used by Sherrington to designate the 
physiological processes which are initiated in the cord by peripheral stimuli; (10) 
central conditioning, the synaptic change which occurs during conditioning as differ- 
entiated from the peripheral muscular CR; and (11) central extinction, the synaptic 


change which occurs during extinction as differentiated from the failure of the peripheral . 


muscular CR. į 

Physiological readers are reminded that the CR reflex twitch belongs to a different 
category than does the so-called ‘spinal reflex’ The spinal CR (a) extinguishes with 
repeated (unreinforced) CSs and (b) does not summate with a continuous CS or 
series of CSs (see Methodology, B 1, 3, 4. and 6, and C). Because the spinal CR is 
different from spinal reflexes in these two points, it is labelled a conditioned response 
rather than a conditioned reflex. i 

* See footnote 3, op. cit., 1937 (2). N 
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. Transection may be effected at any level between the cervical and the third 
iuis spinal roots (see Fig. т). The cord, after being fully exposed for approximately 
four centimeters, is first securely ligated in two places about two centimeter: 
with strong linen thread and is then, with iridectomy scissors, completely severed 
midway between the ligatures. Ligation prevents the escape of cerebro-spinal fluid 
both above and below the transection and thus helps maintain the fluid at relativel 
normal pressure within the nervous system. In this way vascular reflexes are pre 
sumably less impaired and blood-pressure better maintained throughout the animal 
Ligation serves also to obviate drying and to maintain the proper mechanical 
chemical medium for the meningeal membranes of the cord. Were the cerebro-spi 
fluid allowed to escape, the consequent collapse of the dura and the weight of the cord 


загі 


tissues might also tend to compress the blood-vessels and thus impair the blood-supply. 


A B C 


Fic. г. Photograph of the spinal cord of the dog showing (4) the cervical cord; 
(B) the thoracic cord; and (C) the lumbar and sacral cord. The spinal roots are 
severed just beyond the dorsal root ganglia in each case. 


For those experiments in which functional delimitation of the lumbar region was 
desired, the whole dorsal surface of the lumbar cord was exposed. In still other 
animals, where the effect upon the CR of successively smaller amounts of cord-mass 
was tested, the whole length of the spinal cord, ffom cervical to sacral, was exposed. 

3. Both MM. S-T (semitendinosus muscles) are exposed by incising and reflecting 
the overlying skin; they are then freed from their fascial attachments, the nerve- and 
blood-supplies being carefully preserved. Each tendon is severed from its insertion 
on the proximal end of the tibia, while the bony surface where it originates from the 
ischium is chipped free and left attached to the muscle. The whole muscle is thus 
freed at both ends, being connected only by nerve- and blood-supplies to the animal. 
The M. S-T is easily accessible, since it directly underlies the skin which forms the 
posterior contour of the femoral portion of the hind-limb. 

4. The hind quarters are rigidly held by means of a drill-rod which pierces both 
femurs and is clamped at each end to the uprights of a U-shaped support. ‘The hind 
legs are thus firmly fixed between the two uprights and the ischial origin of each muscle 
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is secured to a pin in the base of the support. The limbs and the holder in which they 
are fastened may be held in either position, inverted or upright. 

5. The tendon of each muscle is attached to a kymograph lever and simultaneous 
contralateral records of responses to both the CS (conditioned stimulus) and UCS 
(unconditioned stimulus) are taken. Since the CR is in most cases a minute twitch 
of the distal end of the M, S-T and regularly appears in а pit-like portion of the muscle 
near its tendon of insertion, it is necessary to attach a series of fine silk threads to the 
surface fascia in this region, draw these taut, and attach them all to a single thread 
which is led off from the tendon and is in turn attached to the kymograph lever. 
In this way a movement of the threads in the fascia can act upon the lever as well 
as does a movement of the tendon itself. 

B. Conditioning and Extinction Procedures—Conditioning and extinction are 
readily alternated in most spinal dogs, though some preparations lend themselves to 
both processes more readily than others. The conditioning and extinction procedures 
(see Figs. 2 and 3) and experiments may be outlined as follows: 


Fic. 2. General view of apparatus for spinal conditioning. In this animal the 
spinal cord is transected, the hind-limb flexors (MM. semi-tendinosus) are dissected 
out and attached to writing-levers which record the muscle-contractions on smoked 
Paper. E 
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1. The CS is always applied to the tail. In most cases it consists of a moderate 
А.С. shock of short duration ê (the flick of a push-button switch); but D.C, stimuli of 
constant milliamperage from a chronaximeter (pentode controlled square-pulse 
generator), rectified A.C. stimuli of constant milliamperage, and the quick uniform 
tap of a stiff-bristled brush have been used successfully in the conditioning technique. 
Inasmuch as tactile sensitivity varies greatly in dogs, the exact intensity of the stimulus 
is relative; but its intensity is kept constant’ throughout the experimentation with 
any individual animal whose records are used. í 

2. The UCS is in every case an A.C. shock or a rectified current with constant 
milliamperage of sufficient magnitude to elicit a full contraction of the M. S-T when 
applied to the homolateral hindpaw. 

3. The conditioning procedure is always preceded by a series of CSs (30 to 60 in 
number) applied to the tail, in order to make certain that the CR (muscle twitch) can 
not be elicited from ће M. S-T merely by repeated administrations of the CS prior 
to conditioning. 

4. The technique usually employed consists in applying (1) the CS (tail shock) 
alone, then one second later (2) the CS again alone, finally one second later (3) both 
CS and UCS together. This sequence is repeated at intervals of fifteen, thirty, or 
xty seconds. The UCS (paw shock) is applied whether the CR appears or not, 
so that the conditioning procedure is kept constant throughout the series. 

5. A rest period, ten minutes or longer, is interposed between the conditioning 
and extinction period to make sure that the CR is a stable response. Га reconditioning 
and reéxtinction a similar interval is interposed after each conditioning and extinction 
series. 

6. The extinction process is a repetition of the conditioning process with the same 
temporal intervals, except that the UCS is omitted (see Fig. 3, C). The fifteen-, 
thirty-, or sixty-second interval is interposed between each two trials as in the preceding 
conditioning sequence. 

7. During conditioning and extinction the contralateral (right) M. S-T is closely 
observed. It remains flaccid throughout both processes. 

C. Controls—Numerous checks designed to test whether the spinal CR satisfies 
the standard criteria for conditioning and extinction will next be discussed. 

Certain accepted criteria for the CR may be stated as follows: (1) the CR is not 
present upon the original presentation of the CS; (2) the CR appears upon presentation 
of the CS only after reinforcement with the UCS in the conditioning process; and 
(3) the CR is extinguishable. The checks made to determine whether or not the spinal 
CR meets these criteria are outlined below. i 

1. Repetitions of the CS (three tail-shocks at one-second intervals) at the usual 
experimental periods of fifteen, thirty, and sixty seconds, as well as at shorter intervals 
of ten and five seconds, have never been observed to elicit a response of the muscle 
prior to conditioning though continued through more than two hundred trials with 
dogs specifically used for checking this point. Consequently, the routine procedure 
with each animal of administering thirty to sixty repetitions of the CS before beginning 


‘The A.C. current consists of бо complete cycles ог 129 single stimuli of equal 
duration; each unit-stimulus therefore lasts 1000/120 or 8.33 milliseconds. 
7It is true, however, that the amperage of the A.C. current which was used 
Ф as CS, not having been controlled with compensating devices such as were üsed in the 
rectified A.C. shocker, may have varied slightly owing to changes in tissue-resistance, 
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the conditioning process seems to be an adequate precaution against mistaking some 
inherent reflex of the muscle for a conditioned response. 

_2. (a) Repetitions of the UCS (three paw-shocks at one-second intervals) alter- 
nating with a series of CSs (three tail-shocks at one-second intervals) with variable 
time relations have never produced a response to the CS.* 

(b) Repetitions of the UCS followed by two CSs have never given rise to the CR 
even when continued through as much as one hundred trials.* 

3. (a) Repetitions of the CS alone, after the CR is readily elicited, have shown 
the CR to fail even though the CSs are presented in the same temporal order as was 
used in the conditioning process. The failure of the CR is gradual and follows a course 
which is inverse to its growth during the conditioning process. 

(b) The CR is stable and is not extinguished merely by temporal delay, without 
the CSs being presented. In fact, temporal delay of as much as nine hours has shown 
the CR to be elicited by the first application of the CS and still to be readily e 
guishable when the CS is presented without reinforcement in the regular extinction 
process.* 

4. Can the CR be explained as due to the increasing response of a spinal mechanisin 
as the animal emergés from anesthesia, the reflex being at first attenuated and later 
returning to its full stature? 

The answer to this question is negative for two reasons: (1) Since other spinal 
reflexes (e.g., squirming of tail when CS is applied to tip and stretch-reflex of M. 5-1) 
may readily be elicited either during etherization or at least within ten minutes after 
ether is stopped, it seems obvious that the tail-to-muscle response would appear 
within two hours (usual delay between operation and test-period) were it also a spinal 
reflex; (2) the CR would not then be extinguishable. 

5. The fact that these phenomena can be readily elicited by use of a mechanical 
stimulus (tapping tip of tail with a stiff brush) alone proves that they are not artifacts 


in- 


} 8 Were backward conditioning possible in this specific experimental situation, 
P^ should have appeared during the course of these extensive tests. 
T * These. time-relations seem to nullify any explanation based directly upon the 
central excitatory state’ of Sherrington and his collaborators. "This c.e. state is the 
‘enduring’ excitatory condition set up by a centripetal volley (1, p. 32); and because 
of its persistence for some milliseconds, summation of centripetal volleys occurs not 
only when they are exactly coincident but also when they are separated by as much 
as ten to twenty msec. Within these stimulus-intervals “the excitatory condition 
produced by one volley sums with that produced by the other and sets up a reflex 
discharge"; the summation probably occurring at the *actual convergence points on 
the motoneurone’ (т, pp. 31-33). Inasmuch as the temporal interval between UCS 
(paw-shock) which terminates a given trial and the CS (tail-shock) which initiates 
the next trial is never less than fifteen seconds, and is often many minutes or even 
several hours, it is clear that the time-relations in conditioning are wholly different 
in order of magnitude from those which underlie reflex facilitation in the spinal mammal 
during the persistence of the central excitatory state. But since the stimulation is 
applied in conditioning, not to the nerve-fiber as in Sherrington’s work, but to the 
cutaneous receptors of the hind-paw, the end-organ is likely to continue firing after 
the UCS stops for at least a few msec. and possibly much longer. But even were the 
hindpaw-endorgan to continue an intermittent discharge during the whole fifteen- 
second period from one paw-shock until the next tail-shock, this fact would still not 
serve to explain conditioning (see Controls, 2, a and b). 
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‚ due to direct electric stimulation. Were the response of M. S-T referable to direct 
action of the CS (tail-shock) either upon the muscle itself or upon its nerve-supply, 
one of two conditions would need to be operative: (a) current passing by or through 
М. S-T between tail-electrodes and paw-electrodes; (b) spread of the electric field 
created by the two tail-electrodes. If (a) alone were true, removal of the pawleads 
would cause the apparent CR to cease. This does not occur. If either (а) or (0) 
were true, (1) we should expect the apparent CR to occur оп the first trial without 
preliminary conditioning. (2) The CR again would not extinguish. (3) Gradual 
removal of the CS-leads from tip of the tail towards flanks, thus bringing them nearer 
M. 5-Т, would decrease the ohmic resistance of the current-path and thus increase 
the magnitude of CR. (4) Raising the intensity of CS would likewise increase the 
magnitude of СА. Not one of these expectations is realized. R 

Results —A. General Statement—The data presented in 
this paper are based upon experimental evidence secured from 
two hundred and nineteen spinal dogs, in ninety-eight of which 
conditioned responses were elicited and later extinguished. 
Since the criteria for 100 percent conditioning and extinction 
were first determined in the course of preliminary experimen- 
tation, conditioning was not continued long enough in eighteen 
of these ninety-eight cases to permit their inclusion in Tables 
ItoIV. In addition to the checks made upon each individual 
preparation, twenty-three dogs were specifically used as con- 
trols of one kind or other to demonstrate that the conditioning 
and extinction evidenced in these spinal animals are not arti- 
facts due to such factors as (1) direct stimulation, (2) time 
elapsing between operation and test period, (3) increased ex- 
citability of the neural and muscular systems by which the 
threshold of sensitivity of the preparation to the stimulus for 
an innate reflex might be lowered, or (4) phenomena which 
could be aroused by other than the conditioning and extinc- 
tion processes. In the end, complete conditioning records 
were obtained from fifty-seven dogs (Table I). 

B. Minimum Amount of Cord Necessary for Eliciting the 
Spinal CR.—The MM. S-T are regularly innervated by the 
sixth and seventh lumbar and first sacral roots (as can be 
empirically determined by direct stimulation of the motor 
roots). Systematic serial sections anterior to these roots show 
that transection of the spinal cord behind the third lumbar 
roots results in the failure of the spinal reflexes aboral to the 
transection and likewise of the CR.! 

19 See footnote 3, op. cit., 1937 (2). 


142 P. S. SHURRAGER AND ELMER CULLER 


+ Tn the case of two litter-mates, however, spinal section as 
high as the first lumbar roots eliminated the response. ‘The 
only explanation for the failure of these two animals to re- 
spond after the cord had been divided at least two segments 
higher than usual appears to reside in circulatory anomalies. 
'They differed from other dogs studied in that the largest 
visible vein and artery serving this region of the cord entered 
along the first lumbar roots. Severance below these roots 
thus-necessitated ligation of these blood-vessels. In the other 
dogs studied, these larger vessels entered along the third lum- 
bar roots. Tt appears that the small vessels which enter the 
cord aboral to the large vessels here mentioned are either 


TABLE I 
PrxcENTAGE or Conprtionep Responses IN Successive Testas OF THE Wuonr 
NuwnER or Triats REQUIRED ror COMPLETE CONDITIONING 
IN. Firry-sEvEN SrixAL Docs 


Successive Tenths 

Dog No. x =| Trials 

st | 2nd | 3rd | ath | sth | 6th | 7th | 8th | oth | roth 
MT 35 о | 33 | тоо} тоо | roo | 67 | тоо | тоо | 100 | 3o 
2 о о о 50 50 25 75 | 100 | 100 | 100 | 40 
3 o |- 29 о | 57| 29| 29 | 29 о | тоо | 100 | 70 
4 40} 30| зо | 50] 30] то |. бо |. бо |. 5о | 100} 100 
» $ o| 20] бо о | бо | 8о | 8о | тоо | тоо | 100 50 
6 17 17|.67 | 33 50 | тоо | 83 | тоо | 100 | 100 бо 
7 о о | 33 | 33 | 67 | тоо | 100] тоо | 100 | 100 30 
8 о | бо | тоо | 100 | тоо | 100 | 160] 100 | 100 | 100 | 20 
9 25 o| 75 | 25| 75 [тоо | 75 | 100} 100 | 100 | 40 
10 o| 50}. 33| 50| 67 | лоо | 83 | 100 | 100 | 100 бо 
II о o| 60! бо |. 40] тоо | 80 | тоо | тоо | 100 50 
12 0| 33 | 33 о | тоо | 67 | тоо | 100 | 100 | 100| 30 
13 о о | бо| 60) 60} 80} 80 | тоо | тоо | 100 | 50 
14 о ©} 40} 80} бо | оо | бо | тоо | тоо | лоо, 50 
15 9| 75|*25 | 25 |025 | 50} 75] 25 | 75| 109 | 80 
16 о о о 20 | 80 | тоо | 40] 80 | 100 | 100 50 
17 50| 25| 50] 75 | 75 |тоо | 75| 100] 100| тоо | 40 
18 50] то | бо | до | 9o| до | уо | 70} 7о | 100} 100 
А em P 33 | 100 | 100 | 100 67 100 | 100 | 100 30 
25| 254 25|-50| 75| 25 100 | 120 
21 o| 67) 67| 33 | тоо | 1oo | 100 ioo YA 100 30 
22 o| 67| 33| 33 о | тоо | тоо | 100 | 100 | 100 30 
23 о 50 75 50 | 100 75 | 100 | 100 | 100 | 100 40 
24 о | 50] 75| 50 | 100 | 75 | 100| 100 | 100 | 100| 40 
2 oj 33| 67 | 67 | тоо | 67 | тоо | тоо | тоо | 100 30 
26 of 25 75 | 75 | 100 | тоо | 75 | 100 | 100 | 100 40 
27 o| 25 50 | 75| тоо | 75 | тоо | 100 | 100 | 100 40 
28 Oo} 25| 50! 75| 75| тоо | 75 | 100| тоо | 100 | 40 
29 о 25 50 o o 50 75 | 100 | 100 | 100 40 
30 o| 20 о |. бо | 80] тоо | 80 | тоо | 100 | roo | 50 
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TABLE I—Continued 


a ae 
Successive Tenths 
Dog No. J) Trials 
Ist | 2nd | 3rd | 4th | sth | 6th | 7th | 8th | oth | roth 
31 о о | бо. | 100 | 100| 50 о | 5o | тоо | тоо | 60 
32 о о | до | 8о | бо | 100] тоо | бо | 100} 100] 50 
33 о о | до | 80] 60} 80] 80 | тоо | 100 100} 50 
34 о о | 33 | 67 | тоо | тоо | 67 | 67 | 100 | 100 бо 
35 о о | 25 | бо | 75 | 25| 25 | 75 | 100) 100 80 
36 о о о | бо | 75| тоо | 75 | 100 | тоо} 100 | 40 
37 о о о | бо | 50] 25 | 75 | 100] 100 | 100) 40 
38 о о о | 25 о | so| 75| 75 | 100 | 100] 80 
39* о о о | бо | бо | 25 | 75 | 100 | 100 | 100 {9 
40* 17| 33 о | 17 | 100] 67 | 67 | 100 | 100 | 100 
41% o| 60 о | 20| до | 80 | до | тоо | 100 | 100| 5o 
42% о | 67 7 | 67 | тоо | тоо | тоо | 100 | 100 | 100| 30 
43* o | тоо | тоо | тоо | тоо | roo | тоо | тоо | 100 | 100 20 
44* о | 25 | so| 75 | тоо | оо | 75 | 100 | 100 | 100 40 
45% о | 67 | 67 | 67 | 33 | 100 | 100 |тоо | 100 | 100) 30 
46* o о | тоо | тоо | 20 | 20 | тоо | тоо | 100 | 100 25 
47* o o о | 67| 67 | 100] тоо | тоо | 100 | 100| 30 
48* 33 o | 33 | тоо | тоо | тоо | 67 | 100 | тоо | 100 30 
49" o o 50 | 100 о | тоо | тоо | 100 | 100 | 100 20 
50" о | тоо | тоо | тоо | 100 | тоо | тоо | 100 | 100 | 100 | 20 
51* о о | бо | бо | бо | 80 | 80 | тоо | 100 | 100 50 
52* о | 25 | 75| тоо | тоо | 75 | 100 | 100 | 100 | 100 a 
53* 33 | sol о | 33| 83| 17 | 83] 83 | 1001 100] бо 
54% 33 | тоо | тоо | 67 | 100 | 67 | тоо | 100 | 100 | 100) 30 
55* о | 25 | so| 25 | 50| 50| 75 | 100 | 100 | 100) 40 
56* о | 33 | 67| 67 | 67 | 67 | тоо | 100| 100 | 100} 30 
Cy o о о | 20 о о | 20 | 20 | тоо | 100} 50 
Mean (1-57) | 6.4 | 26.1 | 43.6 | 56.6 | 67.2 | 75.5 | 779 | 89-3 | 97-7 100,0| 46.23 
Mean (1-38) | 6.5 | 21.1 | 40.2 | 52.7 | 67.3 | 77-7 | 75-4 86.5 | 96.6 | 100.0] 51.05 


Dog. no. 1 first attained a perfect record (10 CR in 10 successive trials) in the 
third decade, trials 21 through 30; in the first three trials (1st tenth), it scored one 
CR or 33 percent. Dog no. 3 did not reach the criterion until the seventh decade, 
trials 61 through 70; in the second set of seven trials (2nd tenth), it scored two CR 
or 29 percent. . 


inadequately anastomosed or else carry insufficient blood to 
maintain the cord functionally. If both sensory and motor 
roots of the third, fourth, fifth, and sixth lumbar segments are 
cut on each side of the cord, with the blood-supply being fully 
preserved where it enters at the third lumbar level, the usual 
spinal reflexes (such as response to paw-shock) persist and 
the CR to tail-shock can be created and preserved. This 
Observation demonstrates (1) that the named sensory and 
motor roots are not essential to either the spinal reflexes or | 
the CR, and (2) that severance of these roots may leave the 
mass of the cord at these levels still functional. | á 
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TABLE II 
‚`рксєнтлов or Conprtionep Responses IN Successive TENTHS OF THE WHOLE 
NumseERr or Trrats REQUIRED FOR COMPLETE EXTINCTION 
тн Turrty-zicut Srivat Docs 


„ө 
ооочооо о 


н 
мооооноооо 


н 


75 25 | 100 
71 71 43- 
100 89 56 
66 | 66 33 
33 17 33 


[T ^ 
450-253 0008000000000 


^ 
NO 


|___|__—_ 


584 | 443 | 38.0 | 29.1 


; Dog no. 5 first attained a perfect record (o CR in то successive trials) in the 
sixth decade, trials 51 through 60. In the first set of six trials (1st tenth) it scored 
five CR or 83 percent, whereas in the second set of six trials (2nd tenth), it scored three 
CR or 50 percent. These 38 dogs are the same in order as dogs 1-38 in Table I. 
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TABLE III "ur. 
PERCENTAGE oF CONDITIONED Responses IN SUCCESSIVE TENTHS oF THE WHOLE ^ . 
NUMBER or Trrats REQUIRED ror COMPLETE CONDITIONING IN 
Successive CONDITIONING AND RECONDITIONING 
“Serres IN Six Spryat Docs 


Successive Tenths ; 
Condition- No. of 
ing Series Trials 
1st | 2nd | ard 4th sth | 6th 7th | 8th | oth | roth 
Animalno.1 ' 
I o o о | бо | 75 | 100| 75 | 100| 100| 100 | 40 
2 о | 50 о | тоо | 50] тоо | у тоо |тоо | 100 | 100 20 
3 o | бо | тоо | тоо | 100 | 100] тоо | 100 | 100 | 100 20 
4 50 | 100 | тоо | тоо | тоо | тоо | 100 | 100 | 100 | 100 204 
h 5 50 | тоо | 100 | тоо | 100 | тоо | 100 | 100 | 100} 100 20 
( 6 $о | тоо | тоо | тоо | 100 | 100} 100 | тоо | 100 | 100 20 
| Animal no. 2 
I o о | 20| 40 | 60] 80] 80 | 80] 100 | тоо 50 
2 о со | тоо | тоо | тоо | 100 | 100 тоо | 100 | 100 20 
3 o | тоо | тоо | тоо | тоо | тоо | 100 | 100 | 100 | 100 20 
4 so | тоо | 100,| тоо | тоо | тоо | тоо | тоо | 100 | 100 20 
5 50 | тоо | тоо | тоо | тоо | 100 | 100 | тоо | 100 | 100 20 
6 so | тоо | тоо | тоо | тоо | тоо | 100 | 100 | 100 | 100 20 
Animal no. 3 , 
I о | 67| 67] 67 | зз | тоо | тоо | тоо | 100} 100 30 
2 so | тоо | бо | тоо | 100 | тоо | 100 | тоо | 100 | 100 20 
3 50 | бо | тоо | тоо | 75 | тоо | тоо | 100 | 100 | 100 20 
4 50 | 100 | тоо | тоо | 100 | тоо | 100 | 100 | 100 | 100 20 
Animal no. 4 
Т 43 14.) 14 | 43 | 43-10-14 | 431° 43 | 100 | шоо 70 
2 so | бо | тоо | тоо | 100 | тоо | тоо | тоо | 100} 100 20 
3 5o | тоо | тоо | 100 | 100 | 100 тоо | тоо | 100 | 100 20 
4 o | тоо | тоо | тоо | тоо | тоо | 100 | 100 | 100 | 100 20 


Animal no. 5 


1 o o o| 33 67 | 67 | 100 | тоо | 100 | 100 30 
2 о 50 | 100 50 100 | тоо 100 тоо | 100 тоо 20 
3 50 тоо | 100 100 тоо | 100 100 100 | 100 тоо 20 
4 50 IOO | 100 100 тоо | 100 100 тоо | 100 тоо 20 


Animal no. 6 " 


I o о | 40 40 Во | 70 90 до | 9о | тоо | 100 И 
2 25 бо | 75| 50 | 75 | 100 | 75 | 100. 100} 100 40 
3 50 50 | о | тоо | тоо | 100 | тоо | 100 | 100 100 20 
4 50 | тоо | тоо | тоо | 100 | тоо | тоо | 100 | тоо | 100 20 Sh 
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TABLE IV 


* РЕВСЕМТАСЕ OF CONDITIONED RESPONSES IN SUCCESSIVE TENTHS OF THE WHOLE 
NwuwsER or Trrats REQUIRED FOR COMPLETE EXTINCTION IN 
Successive EXTINCTION AND REÉXTINCTION 
Serres їн Six Sprnat Docs 


————Є—Є——Є—Є———————_—_—— 


Successive Tenths 
Extinc- No. of 
ion poem RUD. | Trials 
ез | ret | and | за | 4th | sth | 6th | qth | 8th | oth | roth 
ee d o o dr Lu „—_:,.—_————-—— 
Animal no. 1 
А a шл TII ыш м —————————. 
H тоо | тоо | 100 | 89 | 100 | тоо | 89 89 56 ° go 
2 до | 80 | 4o| 70 | 100} 70 | 50 | 40 | 30 o 100 
3 10| 50 | 50| о o o o o o o 20 
4 100| 50 o o o o o o o o 20 
5 5o| 50 o| o o o o o o o 20 
6 50 o o o o о о о о о 20 
A TEES L IN IES ЗУ РАДО EO 1 AS, Й ЧОНИ ЕРА АРНА ЗАРР aed 
Animal no. 2 


o o 
o o 
o o 
o o 
o o 
o o 
эе M eee cee eee MR ee 
р Animal по. 3 
I тоо | тоо | 50 o 50 ° o o o o 20 
2 100 | 100 o| o o o o o o o 20 
3 100 | 50 o o о o| о о о о 20 
4 тоо | тоо | 100 | о о о о о о о 20 
C Sy ee 2I e Mo Ru, RE Se ИШ АА ыы MOS he M NR 
Ucet Ds He DA Sea EAAS AE у, 
І тоо | 67 | 33| 50 17| 33 | 33 | 17 o o 60 
2 100 | тоо | 100 | о o o o o o o 20 
3 100 | 100 oj o o o o о.о о 20 
4 тоо | 100 | бо | бо о o| о о о о 20 
Animal no. 5 
1 85| so} 35| 17 | 33] 33 | 33 | 0 | 33 | o | бо 
2 75| 50 | 25| 25 50 o о | 25 o o 40 
3 75| 25 | 25 o 25 о | 25 о о о 40 
4 100 о о | 25 о о о о о о 49 
ў Animal по. 6 
I 100 50 75 50 50 о | 25 o 25 о 40 
2 100 о | 50 о о о о о о о 20 
3 бо | 50 | 100 о о о о о о о 20 
4 со | 50 o| o o o o o o o 20 
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The least possible amount of cord-mass necessary for estab- 
lishing the CR cannot however be definitely ascertained by 
this procedure of delimiting the cord by serial transection and 
successive severance of the roots from one level to the next, 
for the reason that the cord cannot be excised below third 
lumbar without depriving the remaining cord of its requisite 
blood-supply.! If the seventh lumbar segment could be ade- 
quately supplied with blood by other means, it seems likely 
that the CR (response of M. S-T to tail-shock) could be 
established and maintained even if all segments anterior 
thereto had been removed. In other words, we assume that 
the cord-mass between the third and sixth lumbar is not essen- 
tial for conditioning; but obviously this assumption can be 
proved only by recourse to histological evidence from chronic 
preparations or electrical recording. 

A series of transections carried through for the purpose of 
comparing preparations with graded residual amounts of 
spinal cord, has shed some light upon the problem. Тгапѕес- | 
tion of the spinal cord in the region of the second cervical 
roots after the animal had been conditioned to react to tail- 
shock by contracting M. S-T showed that the CR which per- 
sisted after transection had decreased in size from the former 
full contraction to the very localized response characteristic - 
of the CR in the spinal animal. Repeated transections of the 
cord at every third or fourth root aboral to the initial cervical 
transection show that the CR is not altered by subsequent 
transections until it, together with the spinal reflexes, is elimi- 
nated-when the blood-supply is impaired in the region of the 
third lumbar roots. | 

The absence of quantitative or qualitative difference in 
the spinal CR for unequal amounts of intact spinal cord-mass, 
along with the lack of variation in magnitude or loss of CR 
when the separate roots are severed below the blood-supply 
as above indicated, would lead to the hypothesis that CR in 
the spinal animal is dependent upon available synaptic con- 


J [n a recent publication Suh and Alexander (13) describe and diagram but do 
Not name this posterior radicular artery in the human spinal cord. It seems that in 
the dog, this artery has great functional significance, at least in the lumbo-sacral 
Spinal preparation described here. 
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nections at the level of its own spinal roots and is not appre- 
ciably affected by sensory or motor nerve components, nor 
probably by gray mass, anterior to them. Evidence is still 
inadequate to allow the hypothesis to be offered without reser- 
vation, especially as to the effect of the remaining spinal cord- 
mass in the lumbar region. 

C. The Original Conditioning and Original Extinction.— 
The criteria which were imposed for 100 percent conditioning 
and extinction in the spinal preparation were designed to be 
conservative. Every successive ten trials was considered as 

Ма single test-unit and conditioning was continued until the 
preparation responded every time in one of these decadal 
units. Thus, if the animal responded perfectly for trials 
eleven through twenty, or twenty-one through thirty, or 
eighty-one through ninety, it had met the criterion for con- 

. ditioning. Likewise, extinction was determined by complete 
failure to respond in one of the decadal units. A criterion 
_such as the above, since it is based upon ten-trial units, makes 
it possible to plot Vincent-curves for the data without re- 
course to interpolation. All that is necessary is to plot per- 
cent trials against percent response or percent failure to 
respond. 

Data representing the original conditioning records for 
fifty-seven spinal dogs are given in Table I. Table II shows 
the extinction of the CR subsequent to the original condition- 
ing in thirty-eight of these dogs. Extinction records for the’ 
last nineteen of the fifty-seven preparations whose original 
conditioning records are given in Table I do not appear in 
Table II. Various tests were made with these nineteen ani- 
mals after the original conditioning and before extinction was 
begun. Because these checks were interpolated between the 

| conditioning and extinction processes with the last nineteen 
preparations, extinction figures obtained from them are not 

strictly comparable to those obtained from the remaining 
thirty-eight animals and are therefore not included in Table II. 
* The data given in Table II are graphically presented as 


mean Vincent-curves in Fig. 4. The original conditioning 
¥ See footnote 3, op. cit., 1939. 
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curve for all fifty-seven animals is represented by large open 
circles joined by a solid line. The original extinction curve 
is shown in the right-hand diagram of Fig. 4 by small open 
circles with solid line. Since the extinction curve is not based 
upon data obtained from the entire original group of animals, 
it seemed advisable to plot separately the original mean con- 
ditioning curve for the thirty-eight animals which are included 
in the extinction curve in order that the two processes may 
be compared in the same animals. The conditioning curve 
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Fic. 4. Vincent-Curves of original conditioning and extinction in the spinal dog. 
Small open circles, conditioning and subsequent extinction in thirty-eight preparations. 
Large open circles, conditioning in fifty-seven preparations. Solid circles and dotted 

1 ‘line, extinction curve turned vertically through 180? and superposed upon the con- 
n ditioning curves for comparison. 


for the smaller group is shown by the small open circles and 

solid line in the left-hand diagram of Fig. 4. Obviously, the 

conditioning curve for the thirty-eight animals upon whose 

data the extinction curve is based is virtually identical with 

3 the conditioning curve of the larger group of fifty-seven 
animals. 

D. The Relation between Conditioning and Extinction.—In 

| order to determine the degree of similarity between the ex- 

tinction curve shown in the right-hand diagram of Fig. 4 and 

the two conditioning curves, the extinction curve was turned 

] vertically through 180° and superposed upon the condition- 


* М ? 
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ing curves in the left-hand diagram. The superposed curve 
is shown in solid circles and broken line. The conditioning 
and extinction curves appear to be approximately identical 
throughout their courses. Such striking similarity in the 
curves of conditioning and extinction suggests a similarity in 
the fundamental mechanisms of conditioning and extinction. 
Tf an essential similarity exists, it should become increas- 
ingly apparent as the processes of conditioning and extinction 
are repeatedly alternated in the same preparation. A series 
of curves from such a preparation must show one of several 
possible relationships between conditioning and extinction. 
These relationships are: (1) repeatedly conditioning and ex- 
tinguishing a preparation may make no change in the slope 
of the curves or in the number of trials necessary for estab- 
lishing and abolishing the CR; (2) one curve may vary while 
_the other retains its original slope; (3) the slope of both re- 
conditioning and reéxtinction curves may so change as to 
reveal either a direct or an inverse relationship between the 
number of trials necessary for establishing the conditioned 
response and subsequently extinguishing it. If after a series 
of conditionings and extinctions the curves are virtually iden- 
tical with the original conditioning and extinction curves, or 
if there has been a marked change in the slope of the curves 
and this change has been in the same direction, so that the 
tatio of conditioning and extinction trials is practically the 
same for the last series as for the first series, it may reasonably, 
though not certainly, be inferred that the processes of con- 
ditioning and extinction utilize similar synaptic mechanisms. 
In order to test the hypothesis that the mechanisms of con- 
ditioning and extinction are similar, data were secured from 
four preparations in which the two processes were alternated 
through the third reconditioning and reéxtinction (fourth con- 
.. ditioning and extinction) with rest periods of not less than ten 
minutes between successive series, and from two preparations 
in which the processes were alternated through the fifth re- 
conditioning and reéxtinction series (sixth conditioning and 
extinction). The data from these six animals are given in 
. Tables III and IV. 
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The mean Vincent-curves based upon the data given in 
Tables III and IV for conditioning and extinction through 
the third reconditioning and reéxtinction series are presented 
in Fig. 5.? Since beyond the third reconditioning and re- 

extinction series there are records from only two dogs, no 
average curves for the fourth and fifth reconditioning and 
reéxtinction are given. However, inspection of the data given 
in the tables shows that the two processes were continued 
with these two animals (Nos. І and 2) until.either condition- 
ing or extinction could be initiated with a single trial. 
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Fic. 5. Vincent-Curves of repeatedly alternated conditioning and extinction in 
six spinal dogs. The curves represent the data through the third reconditioning and 
reéxtinction series. 


It is obvious upon inspection of the curves in Fig. 5 that 
there is a fundamental similarity in each corresponding pair 
_ of curves for conditioning and extinction, i.e., the conditioning 
and extinction curves for the same series are approximately 
identical when superposed. This is further evidence for the 
concept advanced by Culler (2, p. 152) to the effect that 
extinction is fundamentally a conditioning process in its own - 
tight and ‘may properly be called negative or inverse con- 
ditioning.’ 
E. The Relation of Conditioning to И and Ex- 
tinction to Re£xtinction.—Since in the conditioning process the 
И See footnote 3, оф. сй, 1939. - 
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CS is always reinforced by the UCS and in the extinction 
process the CS is never reinforced by UCS, it is possible for 
the preparation to differentiate between conditioning and ex- 
tinction from the first trial. That the preparation becomes 
increasingly proficient at distinguishing between conditioning 
and extinction processes is illustrated by the conditioning and 
extinction curves in Fig. 5. Both conditioning and extinction 
move more rapidly to completion with each repetition of the 
processes (Shurrager and Culler, 12, p. 186). Records from 
the two preparations in which conditioning and extinction 
were alternated six times (Tables III and IV) show that 
Animals Nos. 1 and 2 differentiated between conditioning and 
extinction after the first trials of the fifth and sixth condition- 
ing series and thereafter reacted to the CS with either 100 
percent response or 100 percent absence of response. Evi- 
dently there is retained in the delimited segment of the spinal 
preparation (presumably at the synapse) an effect which is 
cumulative, positive, and persistent as a result of the condi- 
tioning and extinction processes. 

Discussion of Results.*—Neuro-physiologists have long 
been studying the ways and means (chemical and electric) by 
which the impulse traverses the synapses of reflex paths which 
are already established. The neuro-psychologist, while con- 
fronted with the same problems as the physiologist, has in 
addition been concerned with the mechanisms by which new ' 
paths are alternately made functional (conditioned) and non- 
functional (extinguished). Specifically, the neurological prob- 
lems of conditioning and extinction are: (т) what is the locus 
of the central nervous mechanisms which are necessary for 
conditioning and extinction to proceed; (2) what is the nature 
of the CR thereby created; (3) what is the course of the con- 
ditioning and extinction curves; (4) what relation have con- 
ditioning and extinction to each other; and (5) what are the 


M'The concept of spinal conditioning, as presented here, is not discussed in relation 
to the Pflüger-Lotze controversy which for years belabored the question: does the 
behavior of the:spinal animal give evidence of the existence of consciousness or show 
the marks of purposiveness (Fearing, 6, p. 165)? The material here offered for analysis 
and interpretation merely exhibits certain phenomena which appear under controlled 
experimentalfconditions within the isolated spinal cord of the dog, whatever be the 

»relation of these phenomena to consciousness or mind. 
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central nervous mechanisms which produce the conditioning 


` and extinction? These five questions are discussed below in 


the light of spinal conditioning results. 

A. Central Levels of Conditioning.—Heretofore, it has been 
assumed that higher brain levels are necessary for condition- 
ing and subsequently for extinction to occur. Experimental 
evidence from the decorticate dog (Culler and Mettler, 3, pp. 
299 f) led to the postulate that cortex is responsible for 
‘specific’ conditioning, but that conditioning of a ‘diffuse’ 
type can be established in the decorticate or thalamic dog 
with as little difficulty as that encountered in the normal 
animal. The data presented here (Figs. 3, 4, and 5 and 


Tables I, II, III, and IV) constitute adequate evidence that — 


there exist functional mechanisms in the isolated spinal prepa- 
ration which are capable of initiating phenomena comparable 
to, ‘and fulfilling all the usual criteria for, conditioning and 
extinction in the intact animal. 

B. Differences between Intact and Isolated Spinal Condi- 
tioned Responses.—The. main differences between the CR of 
the intact animal and the CR of the spinal preparation con- 
cern the extent and duration of the CR rather than the re- 
sponse mechanisms. That is, with the intact animal the 
conditioning first appears as a general (diffuse) response and 
then proceeds gradually to become localized (specific) in par- 
ticular muscle groups. In the isolated spinal preparation, on 
the other hand, the CR makes its appearance upon a limited 
group of muscle fibers in the M. S-T and then, as the con- 
ditioning is continued, may spread to adjacent muscle fiber 
groups. In short, the CR in the normal and the spinal animal 
seem to be inversely related. It may be, however, that the 
diffuse response of the intact animal merely submerges a 
Specific conditioning which is similar to that observed in the 
Spinal preparation. However that may be, we are here con- 
cerned only to show that the criteria of conditioning which 


are derived from the intact animal apply also to the spinal. 


Preparation, whatever the mechanisms may be. 


C. Conditioned Response Mechanisms as Synaptic Proc- | 


esses-—Such descriptive terms as equipotentiality, vicarious 


i 


t 
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function, mass action (Lashley, 9), generalization, irradiation, 
induction, inhibition and disinhibition (Pavlov, 10) have here- 
tofore been freely applied at cortical and thalamic levels; 
whereas the spinal preparation has been considered in terms 
of direct point-for-point localization of function along estab- 
lished and innate fiber-paths within the reflex arc (1, p. 1). 
These spinal functions involve excitation, inhibition, summa- 
tion, and facilitation within specific reflex mechanisms. Since 
observable activity in the spinal preparation appears as con- 
traction of specific muscle fibers and since specific nerve path- 
ways are known to be involved, spinal conditioning must be 
discussed in terms of synaptic processes. 

In discussing the synaptic processes in conditioning, which 
depend upon the CR (muscle response) for their expression, 
we must consider a few salient points. The UCS initiates a 
ces (central excitatory state) which is able to raise the moto- 
neurones above the limen of excitation and thus effect maximal 
reflex contractions (UCR) of the M. S-T, whereas the CS 
arouses a different central excitatory state (CS ces) which is 
at first insufficient to effect even a diminutive reflex twitch. 
Only after repeatedly combining these two peripherally initi- 
ated central excitatory states in the conditioning process will 

“the CS ces alone be able to arouse a few of the more con- 
ditionable motoneurones. The combination of central excit- 
atory states obviously either establishes a new path in the 
central nervous system or strengthens (functionalizes) a sub- 
liminal synaptic state which already exists between the CS ces 
and the motoneurones involved in the CR. Functionalization 
of an already existing synaptic path seems the better hy- 
pothesis, since there is little or no evidence that actual axonic 
growth occurs rapidly within the nervous system due to 
peripheral stimulation. It would seem improbable that inter- 
action of CS ces and UCS ces would effect a functional synaptic 
juncture unless a structural (but non-functional) juncture 
were already present. Also, since conditioning and extinction 
can be effected with increasing ease with each repetition of 
the processes in the same preparation, there is little doubt that 
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. 
such synaptic junctures can be relatively permanent pns still 
exist non-functionally.!5 

'The fact that this new type of connection has is ob- 
served to persist after being established for as much as nine 
hours and thereafter to be readily extinguished shows that a 
stable relationship has been established. and now exists be- 
tween the CS and the established CR. Such a stable relation- 
ship (association) presupposes a functionalizing mechanism 
which may involve a chemical steady state, a bio-electric 
steady state, or some combination thereof. "That such a func- 
tional state comes to exist at all probably demands changes 
in metabolism of the cells involved, possibly only at the 
synapses traversed. The new functional state is cumulative 
and though it may involve the whole neurone, must certainly 
involve the synapses in the path of the CS ces. The moto- 
neurone synapses would most likely furnish a common path | 
and locus upon which CS ces and UCS ces might both impinge 
and at which the suspected functionalization might occur. 

Upon continuing the conditioning process, we observe that 
the CR progresses from a localized twitch near the insertion 
of M. S-T to a more extensive contraction of adjacent muscle 
fibers. This ‘spread’ of the CR to include more and more 
fibers suggests (1) that there is a continual spread of the 
central conditioning process within the cord involving more 
and more motoneurones, and (2) that the ability of the syn- 
apses to develop and maintain the ‘steady state’ varies from 
one motoneurone to another. The spread of the central con- 
ditioning process is responsible for the observed spread of the 
CR. The central conditioning probably takes place as a bio- 
electric or chemical relation across the synapses at the moto- 
neurones. As a result of cumulative interaction between the 
central excitatory states initiated from tail and paw respec- 
tively, the synaptic central conditioned state eventually 
teaches a level at which it is possible for the CS impulses to 
traverse the newly functional synapse and effect the CR (re- 


% The theory here advanced, that during extinction relatively permanent synaptic 
junctures become non-functional, is in accord with the concept of extinction advanced 
by Finch and Culler (7, p. 660) to the effect that extinction involves loss of * ‘incentive,’ 
even though the ‘pattern’ is unimpaired. 
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flex twitch). The CR may thus involve few or many motor 


. units. 


D. A Measure of the Central Conditioned and Central Ex- 
tinguished Synaptic States.—To secure a measure of central 
conditioning is essentially to measure the rate of accumulation 
of the synaptic functionalization which makes the CR possible. 
Data secured from six dogs (Tables III and IV) show a supra- 
liminal portion of the increase in synaptic state (possibly at 
the motoneurones) as the cumulation becomes great enough 
to permit the CS ces to activate the motor units and initiate 
responses of the muscle fibers. These data indicate that the 
synaptic residue increases with each successive reconditioning 
until eventually conditioning and extinction can both be 
effected in a single trial (Table III: Animal No. 1, 4th, 5th, 
6th series; Animal No. 2, 4th, 5th, 6th series; Animal No. 3, 


_ 4th series; Animal No. 4, зга series; Animal No. 5, 3rd, 4th 


series; Animal No. 6, 4th series; Table IV: Animal No. 1, 
6th series; Animal No. 2, 4th, sth, 6th series). "These data, 
as expressed by the parameters of the reconditioning and re- 


‚ extinction curves (Fig. 5), exhibit the rate of cumulation of 


the central conditioned state and the central extinguished 
state as well; as is proved by the fact that, during the third, 
fourth, and fifth reconditioning and reéxtinction, either recon- 
ditioning or reéxtinction could be initiated by a single trial 
and the further fact that both could thereafter be maintained 
at 100 percent for nineteen successive trials. It follows that 
the central conditioned and central extinguished synaptic 
states were cumulated to a maximum, since obviously recon- 
ditioning and reéxtinction cannot be effected in less than a 
single trial. 

Е. The Relation of Conditioning and Extinction to their 
Central Synaptic States.—Since the original conditioning and 
extinction curves are essentially superposable (Fig. 4), and 
since the central conditioned and central extinguished states 
are similar, positively cumulated, synaptic states (Fig. 5), 
it is suggested that conditioning and extinction involve simi- 
lar, if not identical, synaptic mechanisms. ‘These synaptic 
mechanisms are mutually inhibitive with respect to the synap- 
tic transmission of the CS impulses in effecting the CR. 


CONDITIONING IN SPINAL DOG 157 


F. Summary of the Discussion.—The above analysis of 
spinal conditioning data has centered about five questions. 
These questions and the tentative answers suggested are sum- 
marized below: 


(1) What are the loci of conditioning and extinction? hs 
Conditioning and extinction are not restricted to cor- 
tical and thalamic levels but are general properties of 
central nervous tissue. The synapses of the moto- 
neurones are suggested as loci of both conditioning and 
extinction in the spinal dog. 

(2) What is the nature of CR? 

'The CR in the spinal animal differs in magnitude and 
in íts developmental course from the CR of either the 
intact or thalamic animal. The relationships among 
these three types of CR (spinal, thalamic, and intact) 
are still obscure. i 
(3) What is the course of the conditioning and extinction 
curves? 
Mean Vincent-curves for the spinal conditioning and 
extinction data presented in this paper are plotted and | 
shown to be superposable. 

(4) What is the relation between conditioning and extinction? 
There is a direct relation between the number of trials 
required to condition and subsequently to extinguish 
the response in any given preparation. 

(5) What are the central nervous mechanisms which produce 

the conditioning and extinction? 
Both conditioning and extinction are shown to result 
from similar, positively cumulated, central synaptic 
states. This suggests similar synaptic mechanisms. 


SuMMARY 


1. Phenomena which meet the criteria of motor condition- 
ing and extinction are shown to occur in the spinal dog. 
When mechanical or electric stimulation of the tail is com- | 
bined with shock to the left hind-paw, the flexor muscle, M. ү 

` semi-tendinosus, which at first contracts only to paw-shock, 
comes to respond when the tail alone is stimulated. 
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2. The curve of conditioning and curve of extinction are 
shown to be superposable when each is based in the Vincent 
manner upon the percentage of total trials from zero to one 
. hundred percent score. The unit in conditioning is Presence 

. of CR, in extinction Absence of CR. 

3. Curves of reconditioning and reéxtinction show that 
both conditioning and extinction move more rapidly from 
zero to one hundred percent score with each repetition of the 
processes in the same preparation until the CR can be estab- 
lished or abolished in a single trial. 

4. The mechanisms of conditioning and extinction thus 

‚ appear to implicate similar, if not identical, synaptic proc- 
esses which are mutually inhibitive with respect to the trans- 
mission of CS impulses in effecting the CR. 

5. Instead of the generalized functions commonly invoked 
to explain learning in the intact or thalamic animal, specific 
synaptic states are suggested as the responsible mechanisms 
for conditioning and extinction in the spinal preparation. 

6. Conditioning in the cord begins with a small group of 

fibers (presumably the largest and fastest) and then spreads 
to adjacent (presumably smaller and slower) fiber-groups. 

‚ With the intact animal motor conditioning begins with wide- 
spread activity and then gradually converges upon a single” 
act or muscle-group. The participation of neuro-motor units 
in one case (spinal) is a diffusive progression (from less to 
more extensive) and in the other (intact) a focal progression 
(from more to less). 

7. The peripheral motor CR is distinguished from the 
central (synaptic) conditioned state upon. which it depends. 
The central conditioning process which functionalizes the 
synapse and which may exist in subliminal or supraliminal 
degree presumably involves a prerequisite set of conditions | 
(whether bio-chemical, bio-electric, or both). It is upon the 
functional magnitude of the central conditioned synaptic state 
resulting from the functionalization of the synapses that the 
peripheral CR depends. 

8. The motoneurone synapses are proposed as loci for the 


cumulated synaptic state resulting from the central condition- 
ing process. » 
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g. A supraliminal portion of the central conditioned and 


central extinguished synaptic states is measured and recorded 
as their states approach the limit of stability set by the cri- 


‚ terion and by the conditioning and extinction techniques. 


то. Control experiments failed to induce backward con- | 


ditioning in the spinal preparation. 


II. Evidence from severing spinal roots indicates that the 


central conditioned state is located at the level of the spinal 
cord at which the conditioned muscle response is innervated. 
Not all roots innervating the conditioned muscle are necessary 
for the conditioned response to persist. 


н 
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THE SPAN OF VISUAL DISCRIMINATION AS A 
FUNCTION OF TIME AND INTENSITY 
OF STIMULATION 


BY WALTER S. HUNTER AND MARIAN SIGLER 
Brown University 


INTRODUCTION 


The psychological literature contains many experimental 
studies on the span of visual discrimination which have been 
interpreted by their authors as studies of the span either of 
attention or of apprehension. These interpretative labels and 
their accompanying discussions indicate clearly that the prob- 
lem. was viewed as one whose investigation would illuminate 
such phases of mental life as the following: How, many objects 
‘can be grasped in a single moment of consciousness? How 
many levels of clearness are there? What is the difference 
between attention, cognition, and apprehension? How does 
the span of attention vary with the instructions given the 

+ subject, with the character of the material used, and with the 
age and training of the subject? 

So far as we can discover no investigator has viewed the 

| experiment as one on visually controlled behavior and one 
therefore whose results should be related to the known mech- 
anisms of vision if a satisfactory explanation of the results is 
to be forthcoming. Exposure times as a rule have been chosen 
which are too short to permit shifts of fixation on the assump- 
tion, apparently, that only so would a single moment of con- 
sciousness be involved. Although some investigators have 
compared the effects of different exposure times upon span, 
under otherwise constant conditions, no systematic study of 
the problem has been made. Dallenbach (2), in an inci- 
dental part of one study, approaches this most nearly when | 
he used exposure times of :04, .08, .12, .16, .20, and .24 secs. 
Forty cards, holding 5 or 6 colored rectangles each, served as 


the stimuli. The subjects named and described what they 
160 " х 
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had seen. The results show that for each of three subjects 
there was a small but constant increase in the average number 
of colors cognized as the exposure time increased. 

As with exposure time, so with intensity; only one sys- 
tematic study is available although Fernberger (3), for ex- 
ample, varied intensity by using black dots against either a 
gray or a white background with an exposure time of 0.10 
secs. and secured essentially negative results which Cooper 
(1)later confirmed. Schlegel (9) has presented the only thor- 
ough study in an experiment using a constant exposure time of 
0.112 secs. and 16 different degrees of intensity of transmitted 
light. Intensity thresholds for the discrimination of one to 
four bright dots on a dark background were determined. The 
results clearly indicate that intensity of stimulation is a factor 
in determining the number of dots discriminated. i 

The span of discrimination with visual stimulation is de- 
termined essentially by the subject's ability to identify the 
number of objects (dots, words, figures) presented. As char- 
acteristically investigated the intensity of stimulation has been 
kept constant and approximately optimal. The duration of 
stimulation has also been constant at some small fraction of 
a second (about 100 ms.) which would preclude ‘shifts of 
attention' and identifying responses during the exposure of 


‚ the stimulus. Presumably nothing but theoretical bias has 


stood in the way of a systematic analysis of the problem and 
obscured the fact that the span of visual discrimination is a 
problem in visual discriminative behavior where time and 
intensity have well known roles. If the subject’s ability to 
identify the number of dots presented is at issue, intensive 
and durational limens can be secured either by keeping the 
number of dots constant and determining the limens or by 
determining the number of dots that can be identified 50 
percent of the time at various durations and intensities. The 
latter is the method used in the present investigation.! 

* An impressive series of experiments has shown that the 
Bunsen-Roscoe law (Z-t = C) holds within limits for many 
visually determined processes, including the following: the 


1 We are greatly indebted to Professor Clarence Н. Graham of Brown University. 
for his expert advice and guidance in the visual aspects of the problem. 
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orienting responses of plants (Blaauw) and animals (Loeb 
and Northrop), nerve impulses from the eel’s eye (Adrian and 
Matthews), the initial and maximum frequency of nerve im- 
pulses from single visual receptors in the eye of Limulus 
(Hartline), and human visual discrimination (McDougall, 
Blondel and Rey, Piéron, Graham and Margaria, Karn, 
Graham and Cook). In each case some response, or charac- 
teristic of response, is taken as the constant and the product 
of the time and intensity of stimulation required to produce 
it is determined. In the experiment to be reported in the 
_ present paper, the number of dots correctly identified 50 per- 
cent of the time is taken as the Constant. The results show 
that within limits J-t = C for the span of visual discrimina- 
tion, a fact which enables us to reinterpret the ‘span of 
attention’ experiment as well as to relate the phenomenon to 
well established principles of visually controlled behavior. 


APPARATUS AND METHOD 

"The present experiment was carried out over a period of two years using the 
same two subjects throughout the work? Inasmuch as most of the results herein 
reported are drawn from the second year's work, any long term practice effects are 
presumably absent. Improvement of response during any single session, particularly 

\ айег a lapse of time without experimentation, was reduced if not eliminated by be- 
ginning each session with a practice series. 

During the experiment the subject sat in a dark cubicle at a distance of 11 feet 
from the stimulus field which he viewed, with both eyes, through a stereoscopic hood 
(minus the lenses) arranged as a head rest. The stimulus field was a circular opal 
glass plate of 1} in. radius, 1.5° visual angle. The plate was set in the wall which 
separated the subjects cubicle from the apparatus room. A white painted circle 

3 шай, the plate was illuminated from the sides by faint lights, hidden from the 
subject's direct vision, and served to outline the stimulus plate between exposures. 
The subject was instructed as follows: 

f Е > 3 д 

The object of this experiment is to determine how many dots you can see during 
А very brief exposure time, You are asked to report immediately after each"exposure 
a ne of dots eae sure of your report; do not guess. The report 

not know’ is allowed. Sometimes a great i ; ї 
the number that you have seen. curte uon Eo 

“ А А 
pu At the ready signal fixate your eyes on the center of the exposure field outlined 
Wi і a ne e дораш ту two seconds after I say ‘now’ the stimulus will 

given. Remember to keep your eyes on the center of the ber 
of dots you are certain you see.” Ерна repart only the mamii ¥ 
3 ve the highest intensities of light at the longer durations, after images of the 


A E authors owe a great debt of thanks to Miss Faith Allen and Mr. Dexter 
yland for their painstaking and codperative work during the present investigation. 
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images of the dots themselves. At the longer durations (0.6 sec. and above) subject 
A reported more promptly than did subject H who tended to estimate the number 
of dots from memory. The results, however, indicate no particular difference between 
the two subjects. 

A stimulus plate was made of two layers of clear glass between which was a 
thin sheet of translucent tracing paper on which the dot or dots were placed in black 
India ink. Each dot was 0.125 in in diameter, subtending a visual angle of 3.32’. * 
Stimulus plates contained from 0-16 dots. Five different patterns were made on five 
different plates for 1, 2, 3, 4, etc., dots. A zero dot plate was also included. Two 
different systems of dot arrangement were used. During the first year of experi- 
mentation, the system was as follows: The required number of dots for a given plate 
were placed irregularly at distances of 0.5, 0.75, or 1.125 ins, from the center of the 
plate, No two dots were closer to each other than 0.125, the diameter of a dot. 
This system of constructing the plates did not keep acuity constant in that the 
distance between dots varied, but it did serve to decrease the direct suggestion of 
increasing numbers of dots which would result from an increasing area of contiguous 
ones. During the second year of experimentation, the single dot was.in the center 
of its plate (one plate only being used) and where more than one dot was involved 
the distance between dots was constant at 0.25 in, This distance subtended a visual” 
angle of 6,6’. With the two series of stimulus plates the total areas on which dots oc- 
curred subtended visual angles of 58’ and 42’ respectively, as contrasted with the fovea's 
2-2.5? of rod free area. With both series of plates, the dots were arranged in irregular 
patterns. When the plates were used in the experiment they were placed in a holder 
flush with the opal glass of the stimulus area and between that glass and the light 
source. An exposure thus presented the subject with a field, illuminated at the de- 
termined intensity, on which dots darker than the field might be seen, The contrast 
between the field and the dots decreased as the field intensity decreased until no dots ^ 
were visible in the field. 

The light source, which was placed in the experimenter’s room with the rest of 
the apparatus now to be described, including the above mentioned stimulus plate 
holder, was a 500-watt Mazda projection bulb. This was placed in an asbestos lined 
box and run at 110 v. direct current regulated by a rheostat and measured with a 
voltmeter located on the experimental table. The light from the bulb passed through 
two convex lenses and was focused on a metal slit .125 in, wide. Beyond the slit 
was a holder in which Wratten neutral tint filters or a wedge and balancing wedge ~ 
could be placed for the control of light intensity. Measures of the full intensity of 
the light as it passed through the stimulus plate containing no dots were made from 
time to time from the subjects room with a Macbeth Illuminometer. Lower intensities 
were then calculated from the transmission values of the filter devices. Between the 
filter and the stimulus plate, all stray light was excluded by a cardboard tube. 

For regulating the length of exposure time various devices now to be described 
were placed in the path of the light beam and as near the metal slit as possible. In. 
Order to secure exposures of 4, 8, 16, 32, and 75 ms. use was made of a synchronous 

_ Rotor (81 rp.m.) carrying an aluminum disc 30 ins in diameter. Open sectors in 

» the disc allowed the light to pass to the filters for the desired lengths of time. During. 4 
any one session with the above time intervals, the motor ran constantly and a noiseless 
hand-operated shutter was used to allow the light to pass or not to pass through the _ 
a disc Opening. For exposures of 150, 300 and 600 ms., another synchronous motor 

| erp) carrying a light weight disc with a variable aperture i 

device, the one used by Graham and Cook (4) for longer exposures, was started and 


was used. This @ 


* 
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stopped for each stimulus exposure. For exposures of 1, 2, and 4 secs. a special 4 
device was constructed for us by Dr. Lorrin A. Riggs* which gave a relatively sharp 
onset and termination of the light. This was accomplished by having two screens 
moved, one out of the light path and the other into the path, by means of cams attached 
to a synchronous motor of 2 r.p.m. 

In determining the actual exposure times used, the following methods were 

, employed: (1) For 4, 8, 16, 32, 75 ms. an adjustable sector was cut from the aluminum 
disc to give the exposure times in terms of the speed of the motor. The actual exposures 
at 16 and 75 ms. were then photographed and the photographs measured under magni- 
fication. No error was detected in the 75 ms. exposure; but there was an uncertainty 

_of 1 ms. in the 16 ms. exposure due to the size of the photograph. The 4, 8, and 
32 ms. exposures were assumed to be correct as a result of the care in cutting the 
sectors in the disc. As nearly as could be determined the onset and termination of 
the light was instantaneous in the photographs. It is probable, however, that this 
was not the case at 4 and 8 ms. because the sector openings were but 4 and 8 times 
the diameter of the optical slit source. (2) The 150, 300 and боо ms. exposures were 
also first determined by sector openings in the rotated disc in terms of the motor 

, Speed. The 150 ms. interval was then photographed and the sector opening adjusted 
to a final value of 150 ms. as photographically determined. The same procedure was 
followed for 600 ms., but the 300 ms. exposure was determined solely from the sector 
opening. With 150 and 600 ms., and presumably with 300 ms., about 7 ms. were 
required for the onset and again for the termination of the light. (3) For exposures 
of 1, 2 and 4 secs. the initial determination was again in terms of extent of sector 
opening. Adjustments were then made on the basis of photographic records until 
the error was less than 1 percent. With these exposures the onset and termination 
of the light each required about 7 ms. 

F In beginning the work of any one hour experimental session a practice series of 
discriminations was used to adjust the subject to the task and to occupy some 2-5 mins. 
of time where partial dark adaptatión was desired at the lower intensities of stimulation. 
(The dot area of the stimulus plate subtended a visual angle well within that of the 
fovea, and dark adaptation of the fovea is essentially complete after 2 mins.) Since 
the dot stimuli were presented at a uniform rate, the degree of adaptation of the 
fovea was presumably reasonably constant for any one stimulus intensity although 
adaptation i in the rod areas of the retina continued to progress during most of the 
session. 

3 Experiments were conducted where exposure time and intensities were employed 
in a random order as well as where exposure times were used from short to long and 
intensities in the order from low to high. No differences in results by the two methods 
were secured. At any one experimental session the plan was to present a varied 
series of stimulus plates including those with a number of dots which could be reported 
correctly 100 percent of the time and extending to those which could never be correctly 
reported at the intensity and exposure time employed. (In practice it was not always 
feasible to reach these limits of 100 and o percents.) Each number of dots within 
the range utilized was presented a minimum of 30 times at each intensity and duration 
asa basis for the determination of the limens. "This means that each subject made ; 


з Assistant professor of psychology at the University of Vermont on leave of 
absence to serve as research associate at Brown University, 1938-39. Dr. Riggs 
also aided in the calibration of exposure times. 
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stimulus plates used contained о, 1, and 2 dots and a maximum total that гап as 
high as 210-240 reports under other conditions where seven or eight different numbers 
of dots would be required to cover the range from approximately 100-0 percent cor- 
rect responses. The complete determination of the limen for a given intensity and 
duration usually extended over 2-3 experimental sessions, so that each session involved 
the accumulation of data on two or more intensities at a given duration, The 
method of determining limens will be described in the following section. 


EXPERIMENTAL RESULTS 


Table 1 shows the individual and average limens (number 
of dots correctly reported 50 percent of the time) for each of 
the durations and intensities employed in the second year of 


, experimentation. Both time and intensity were varied over 


a range of 1—1000, if we exclude .013 ml. intensity which was 
just below the limen for dot discrimination even with 4 secs. 
exposure and which it was therefore impossible to use. This 
table gives the basic results of the present study, and a high 
degree of reliability is claimed for the measurements. This 
claim is supported by the close similarity in the results of the 
two subjects, by the subjects’ long training, and by the gen- 
eral conditions under which the work was done. A general 
inspection of the table clearly reveals that the span of discrimi- 
nation is a function of the time and intensity of stimulation. 
Figures 1, 2, 3, and 4 are samples of the curves utilized 

in determining limens. These figures show the performance of 
* Subject Æ in reporting numbers of dots at different intensities 
for durations of 4, 32, 300, and 1000 ms. Each point on the 
curves represents the percentage of correct identifications of 


the number of dots represented on the abscissa and is based — 
Оп a minimum of 30 responses. The limens used to represent | 


the span of discrimination for a given time and intensity 
were determined by noting the abscissa value at which 50 
percent of the discriminations were correct. It is these values 


Which are entered in Table r and on which the following Я 


treatment will be based. у 
Figure 5 is a graph of the average of the two subjects’ 
limens plotted against log intensity for each of the durations 


from 4-4000 ms. Similar graphs have been plotted using not ( 


the 50 percent limen but the 80 percent and 20 percent values 


derived from curves like those of Figs. 1-4. Since there is — | 
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TABLE 1 
Ілміхлі Numper or Dors ror DIFFERENT TIMES AND INTENSITIES, 
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Fic. 1. Curves for Subject 4 showing the percentage of correct identifications of 
2, 3, 4, 5, etc. dots at different intensities. Exposure time, 4 ms. 
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Fic. 2, Curves for Subject 4 showing the percentage of correct identifications of 
2, 3, 4, 5, etc. dots at different intensities. Exposure time, 32 ms. 


168 WALTER S. HUNTER AND MARIAN SIGLER i 
t 


lo ADT 


н ; 

| wink \ f 
So N \ 300 ms. M 
AW | 


4 6 
dots 


| 
i 4 Ч [ 
Fic. 3. Curves for Subject 4 showing the percentage of correct identifications of | 
2, 3, 4) 5, etc. dots at different intensities. Exposure time, 300 ms. 
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Fic. 4. Curves for Subject 4 showing the percentage of correct identifications of 
2; 3, 4, 5, etc. dots at different intensities, Exposure time, 1 sec. 
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no essential difference revealed by such a choice of percentile 
value, our presentation will be limited to that of the conven- 
tional 50 percentile. Figure 5 reveals in a striking way some 

- of the important relationships, between the span of dot dis- - 


l4 4000 la . 
dots i A ; 


Fic. 5. Curves showing the number of dots correctly discriminated 50 percent 
of the time at different intensities and durations of exposure, based on two subjects 
during the second year’s work, 


crimination and the time and intensity of stimulation. (1) As 


liminal discrimination of a given number of dots, 4 for ex- 
ample, decreases. Thus the curves for different durations are. 


displaced progressively on the intensity axis. For limens of ie 


. * * 


* 


the exposure time is increased the intensity required for the | 
E 


_ 170 ` WALTER S. HUNTER AND MARIAN SIGLER 


1-7 dots and for durations from 4-300 ms., the amount of 
this displacement is relatively constant. (Attention should 
be called to the fact that the curves are drawn through experi- 
mentally determined points. It would have been entirely 
legitimate to have drawn best fitting curves, and such a pro- 
cedure would have smoothed out the few irregularities found.) 
However, for durations of 600-4000 ms. the displacement for 
these limens becomes less and less indicating that even with 
great increases in duration the response still requires approxi- 
mately the’ same intensity of stimulation. In other words 
intensity and not time is the chief determiner of the response. 
(2) The curve for each duration is sigmoid. As intensity 
increases there is first a relatively gradual increase in the 
number of dots reported, then a rapid increase, and finally a 
period of no increase in span even though higher intensities 
are used. (3) A third important point brought out by the 
figure concerns the maximum level of the span of discrimina- 
tion under the various conditions. At exposures of 4, 8, 16, 
32 and 75 ms. the maximum average limen does not vary 
` {тош 8 dots by more than a fraction although the intensity 
required to reach this maximum decreases as the duration 
increases. Furthermore after the maximum span is reached 
further increases in intensity fail to raise the span. (The 
first year's experimentation brought out the fact that at still 
higher intensities than those used here, the span of discrimi- 
nation actually decreases, the curves turning downward, prob- 
ably due to visual glare.) At 75 ms. the maximum span is 
8.2 dots at an intensity of 0.667 ml.; at 1.67 ml., it is 8.6 dots; 
and at 13.33 ml, itis 8.1 dots. Beyond 75 ms. the maximum 
span increases with the increase in exposure time. At 150 
ms., the maximum span is approximately 9 dots; at 300 ms., 
10 dots; and at 600 ms., 12 dots. At intervals of 1, 2, and 
4 secs. maxima were not determined, but they probably are 
14 dots for I sec. and somewhere above 16 dots for 2 and 4 secs. 
i During the first year of experimentation, using different 
stimulus plates of the type described above, the maximum 
span for 4 ms. was just under 7 dots; for 8-75 ms., seven dots; 
and for 150 and 300 ms., 8 dots. No longer durations were 


Шш 


SPAN OF VISUAL DISCRIMINATION DB 171 


employed. Although the maximal spans were thus lower with 
one type of stimulus than with the other, the curves relating 
time and intensity to span were of the same general character, 
Later in Fig. 7 we will present additional data from the first 
year's work. à 
Figures 6, 7, and 8 continue the analysis of the effects of 
time and intensity of stimulation on the span of discrimina- 
tion by means of plots that reveal the extent to which the 


Fic. 6. Curves showing the total energy (1-1) required for the liminal discrimi- in; 
, ation of т, 2, 4, 6, 7, 8, 9, то, 12, and 14 dots plotted against time. These curves 
“are derived from those of Fig. 5. 


Bunsen-Roscoe Law, Г: = С, fits the data. This'law states 
that a constant photolytic effect is determined by a constant 5 
amount of energy of stimulation which may be spread out | 
‘over a shorter or longer duration of time. In the present | 
experiment if we call the correct discrimination of 1, 2, or 3, — 
etc., dots a constant effect, we can read from Fig. 5 the time e 
and. its associated intensity necessary for the production. of | 

‘such an effect. Thus the span of 4 dots at 4 ms. requires an 


ани, whose log is 0.4; at 8 ms., an intensity whose log is. 
4 4 
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Fic. 7. Curves showing the total energy (Z-t) required for the liminal discrimi- 
nation of 1, 2, 4, 6, 7, and 8 dots plotted against time, based on the first year’s 
experimentation. 


liminal discrimination of 
1, 2, 4, б, 7, 8, 9, 10, and 12 dots plotted against time. 
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0.16; at 16 ms., an intensity whose log is 1.83; etc. Figure 6 
plots log J-¢ against log for spans of 1, 2, 4, 6, 7, 8, 9, 10, 12 
and 14 dots. When plotted in this manner the relationship 
I-t = С is represented by a line with zero slope. A line of 
negative slope indicates that time is a more important factor 
than intensity while one of positive slope reveals intensity as 
more important than time. Where this positive slope is unity 
I — C, that is, increases in time no longer have an effect on 
the span. An inspection of Fig. 6 indicates that the Bunsen- 
Roscoe Law holds for spans of 1 and 2 dots for, durations of 
4-75 ms. and for spans of 3-7 dots for durations of 4-300 ms. 


after which the relationship gradually changes approximately ` 


to] = C. Practically no points vary more than 0.1 log unit 
from the line 7-2 = C, which is the same order of fit found by 
Hartline for the time and intensity determination of an initial 
nerve impulse frequency of 40 per sec, in Limulus. For'spans 
of 8 dots and over, time is a more important factor than in- 
tensity (negative slope) until durations of 0.6-2.0 are reached 
with various spans where at a critical point the relationship 
is reversed and intensity becomes the chief determining factor 
(positive slope). 


The data of the first year of experimentation furnish the’ 


points for Fig. 7 which again plots log I-t against log for 
spans of 1, 2, 4, 6, 7, and 8 dots. (The curves for 3 and 5 dots 
are omitted in the two figures solely for the sake of sim- 


"plicity.) In this figure the points come from best fitting time | 


curves for span vs. log J (comparable to Fig. 5), and conse- 
quently they show smaller deviations than is the case in 


‚ Fig. 6. Here again the Bunsen-Roscoe Law holds for the | 


shorter durations in the case of spans of 1-6 dots. In com- 


paring Figs. 6 and 7 three points in particular need comment: | 


(1) Since the maximum spans attained the first year were less 
than those of the second year (above, p. 171), spans of 7 and 
8 dots are the largest that can be plotted. The curve for 
7 dots is undoubtedly affected by the fact that the time curves 
(like those of Fig. 5) from which it is derived had begun to 
flatten out before the 7-dot value was reached. The fact 
remains that a relatively large amount of stimulus energy was 


+ 
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necessary to produce a span of 7 dots and that the amount of 
energy was approximately constant from 4-300 ms. On the 
basis of Fig. 6, it seems probable that for durations longer 
than 300 ms. the 7 and 8 dot curves of 1ће present figure 
would have taken on positive slopes. The difference in maxi- 
mal spans in the two sets of experiments derives from the 
different kinds of stimulus plates used rather than from differ- 
ent degrees of practice by thé subjects. (2) It is to be noted 
that in both figures there is an increase in the total amount of 
stimulus energy with an increase in the number of dots dis- 
criminated. Graham and Margaria (5) and Karn (8) have 
shown that as the illuminated area increases there is a de- 
crease both in the total amounts of energy (1:2) and in the 
critical durations involved in the threshold discriminations 
for light flashes. In our experiments the greater the number 
of dots, the smaller the remaining illuminated area of the 
stimulus plate. Although our subjects were required to report 
number of dots rather than the presence or absence of a light. 
flash, it seems clear that the ability to discriminate dark dots 
from a lighted field is a function of the area of the field which 
is illuminated for the given time and intensity. (3) The third 
point of comparison concerns the critical durations at which 
the curves take on definitely positive slopes. In Fig. 7 the 
‘critical duration is 32 ms. for 1-6 dots. In Fig, 6 the critical 
duration for even 1 dot is 75 ms., as it may also be said to be 
for 2 dots; but for 4, 6, and 7 dots, it is 300 ms. Our experi- 
mental situation is obviously complex from the explanatory 
point of view; but we suggest that the effect may well be 
due to the differences in sensitivity between the center and 
the periphery of the fovea. The stimulus plates used in 
securing the data for Fig. 6 had the dots concentrated in the 
center of the field whereas the dots on the plates for Fig. 7 
were more widely scattered. Although both stimulus areas 
fell within the fovea, they differed in the degree to which they 
used the foveal center; and it is to be expected that the time- 
intensity relationships would differ under the two conditions. 
Figure 8, based on the second year's experimentation, plots 
log J against log ż for spans of 1, 2, 4, 6, 7, 8, 9, то, and 12 
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dots. In this case a slope of unity indicates results in agree- 
ment with the Bunsen-Roscoe Law. A critical inspection will 
reveal the same characteristics of the dependence of span of 
discrimination on time and intensity that were shown in 
Fig. 6 and discussed above. r 

One type of qualitative result which we have obtained is 
interesting in connection with Schlegel’s (9) experiment pre- 
viously cited. Schlegel determined the intensity necessary \ 
for his subjects to see various numbers of dots at a constant 
exposure time. As one phase of the problem he compared 
the intensity necessary for a response of 3 (for example) when 
3 dots were presented with the intensity necessary for seeing 
3 when 4 dots were presented. Thus, for one subject, a rela- 
tive intensity of 128 was necessary for the response of 3 when 
3 dots were presented; but when 4 dots were exposed, the 
threshold for 3 decreased to a relative value of 105 as com- 
pared with 128. Similar results were obtained with other 
subjects and also with different responses. 

Using data from the first year’s experiment, we have 
selected the response of 5 for study, and have determined 
whether the report of 5 may be elicited by 6, 7, or 8 stimulus — 
dots under conditions where it does not occur when only 5 i! 
dots are exposed. We have therefore selected for analysis a 9 
time-intensity series in which the reports on the 5-dot plates a 
were of a low degree of accuracy. In the series considered, 
which included 310 reports on the 5-plates, all 5 dots were seen 
in only 24 percent of the trials. However, when 6 dots were 
presented at the same time and intensity 43 percent of the 
responses were of 5 or more. When 7 dots were exposed 64 « 
percent of the reports were 5 or greater; and with 8 dots. 3 
presented, the subject could see at least 5 in 85 percent of the i 
trials. Correlated with an increase in the total number оү 
objects presented there is a progressive increase in the proba- | 
bility that 5 dots can be reported. While these results are | 
Not strictly comparable to Schlegel’s, they do tend to indicate 
that the ability to report 5 objects, for example, is conditione 

- by a number of factors and is not an absolute thing. At the 
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a 


present time we are unable to give an adequate interpretation 
of this phenomenon. ` 


INTERPRETATIVE CoMMENTS 


The most satisfactory explanation of the log 7-7 vs. logt ` 
curves has been given by Hartline (6). Where a given con-. 
stant response, like the initial rate of nerve impulses, is deter- 
mined by light stimulation, /.# may be expected to be con- 
stant up to that duration at which the sensory event is com- 
pleted. Any increase in time beyond this critical duration is 
obviously uninfluential since the event in question is over. 
Beyond such a critical point intensity alone will be the deter- 
mining factor. In Hartline's study the photochemical ac- 
tivity of the sense cell was the event in question. "The indi- 
cator of this event was the nerve activity, the latent time of 
which was greater than the critical duration, In this experi- 
ment on the single sense cell of Limulus the critical duration 
was marked by a sharp break in the curve from zero slope to” 
slope of unity. Experiments on the intact human eye have 
indicated that the transition between the two parts of the 
curve is gradual rather than sharp, a fact which led Hartline 
to suggest that a gradual transition between the two slopes 
is due primarily to the activity of many nerve cells. Graham 
and Margaria (5) and Karn (8) have tested this hypothesis 
in experiments using decreasing areas of stimulation in the 
human eye and have found that as the area gets smaller the 
transition between zero and unit slope becomes sharper. 

Our curves in Figs. 6 and 7 of spans of 1—7 dots are so 
essentially like the curves derived from the study of admit- 
tedly strictly sensory functions that the rule of parsimony 
must lead us to utilize the same explanations since we too are 
dealing with a process that is a function of time and intensity 
of light stimulation. Even irregular groups of from 1—7 dots 
may be discriminated as a single event, i.e., without counting, 
by such subjects as those used in the present experiment. 
On the contrary this is certainly not the case with 14, 13, IO, 
or even 9 irregularly placed dots. Here counting, i.e., more 
than one event, is present. Our interpretation of the results 
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would therefore be as follows: The span of discrimination of 
from 1-7 dots, which is a single discriminatory event, is deter- 
mined by the photochemical processes in the eye up to that 
duration at which the sensory contribution is complete. We 
have made no determinations of reaction times of the subjects 
under our experimental conditions which would give us data 
analogous to Hartline's above mentioned latent time of nerve 
response. However, since simple visual reaction times are of 
the order of 150-225 ms., the reaction times in our experiment | 
would obviously be much greater than our critical durations 
which show when the strictly sensory contribution is com- 
plete. Beyond the critical duration, time becomes relatively 
less important until finally intensity is the chief determining | 
factor. 

It is a striking fact in Fig. 6 that the curves for 8 dots and 
over have initially negative slopes which become positive only 
at the higher exposure times. The construction of the graph 
is such that a negative slope indicates that time is a more 
important factor in determining span than is intensity. Since  . 
we are certain that the discrimination of a large number of 
dots, let us say 12, involves counting and therefore that time 
is an important factor, we are led to infer that even the span 
of 8 dots has taken us over the boundary of a single dis- 
criminatory event and into the counting area because its curve | 
also has a negative slope. In spans of 8 dots and over we 
have not left the field of sensory determination of response as 
indicated by the role of the Bunsen-Roscoe Law, but we have 
obscured that role by dealing with more than one event at 
a time. 

Summary AND CONCLUSIONS 


The effect of a thousand-fold variation in time and inten- 
Sity of stimulation upon the span of visual discrimination for 
dark dots on a light field has been determined in a series of 
experiments using the same two subjects over a two year 
Period. The durations of exposure were .004, .008, .016, .03 2, 
975, .150, .300, .600, 1.0, 2.0, and 4.0 secs. The intensities 
varied from .013-13.33 ml., although not all were used with | 


each duration. ы i ie 
i 


"n 4 
& Е 


178 ~ WALTER S. HUNTER AND MARIAN SIGLER 


The results indicate that as the duration of exposure is 
increased the intensity necessary for a liminal discrimination? 
of a given number of dots decreases. At a given duration, 
as intensity increases, there is an increase in span first slow, 
and then rapid until finally a maximum span for that duration 
is reached. For durations of 4-75 ms., the maximum span 18 
essentially 8 dots. At 150 ms., the maximum is 9 dots; at 
300 ms., 10 dots; and at боо ms., 12 dots. For durations of | 
2 and 4 secs. the span goes above 16 dots even at relatively | 
low intensities. 

Since the span of visual discrimination is a problem in 
visually controlled behavior, the results have been analyzed 
to see to what degree the Bunsen-Roscoe Law (Z-t = C) held. 
Calling the span a constant effect, it was found that the 
product of time and intensity required to produce this effect | 
was constant for durations of 4—75 ms. for spans of 1 and 2 
dots, and for durations of 4-300 ms. for spans of 3-7 dots. 
With longer durations, exposure time becomes progressively 
less important than intensity for spans of 7 dots or less. For? 
spans of 8 and more dots, I-t is not a constant; but time is a 
more important factor than intensity until the long durations 


several such events, as in the necessary counting of more than | 
7 dots, the Bunsen-Roscoe Law holds up to that duration at ` 
which the sensory contribution is complete. Stating this in | 
other words, we may say: the span of a single discriminative 
event may vary from 1—7 dots depending upon the intensity 
and duration of the stimulation; and up to the duration at 
which the sensory contribution is completed, a constant 
amount of sensory energy is required to produce the event. | 
Beyond that critical duration, intensity is more important | 
than time. The ‘span of attention’ thus resolves itself into 

a span of discrimination, a form of behavior which in the | 


field of vision is controlled on the receptor side by time and 
intensity factors. 


(Manuscript received July 17, 1939) 
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THE FORGETTING OF ‘CROWDED’ AND 
‘ISOLATED’ MATERIALS * 


BY CLAUDE E. BUXTON 
" Northwestern University 


AND 


EDWIN B. NEWMAN 
Swarthmore College 


A number of recent experiments have shown that so-called 
"isolated? items in a list of material such as syllables or geo- 
metrical figures are remembered far better than are repeated 
or ‘crowded’ items. In the original experiments of von 
Restorff, single pairs of syllables and of numbers were in- 
cluded in a list of six pairs of geometrical figures (14). The 
material was learned and tested by the method of paired 
associates, and nearly three times as many correct recalls were 


recorded for the isolated pairs as for the crowded pairs. A © | 


‚ Totation of the kinds of material tested within each constella- 
tion gave substantially the same results. 

‘Subsequent experiments demonstrated that the factor of 
isolation, as opposed to crowding, is effective also in the case 
of recognition (14, 8, 13), with serial rather than paired asso- 
ciate learning (11), when items occurred not only within a 
single series but spaced in a succession of experiments lasting. 
over a two-hour period (zr), in tests of Spontaneous rather 
than intentional recall (8, 1), and finally, in tests utilizing the 
beneficial effect of memory (of a previously clearly viewed 
item) upon tachistoscopic perception (8). The variety of 
these experiments is so great as to remove doubt that isola- 
tion is a factor having general significance for the problems 
of memory and learning. K 

There remains, however, some question as to the impor- 
tance of isolation in the realm of Tetention proper. Quite 
apart from the importance of isolation for learning or for 


* These experiments were conducted at Swarthmore College in the spring of 1939 
during the first writer’s tenure as Research Associate in Psychology. 
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recall, the fate of isolated ‘traces’ may be the same as that 
of crowded ‘traces,’ or their fates maybe quite different. 
A partial answer may be contained in a comparison of the 
forgetting curves for the two types of material. This paper 
presents such material. " 

'The experiment was performed with a specific expectation 
concerning its outcome. This expectation was based on two 
independent lines of argument. First, it is possible to assume 
that isolation operates to make certain traces relatively more 
available for recall. Then, if retroactive inhibition is thought 
of as negative transfer, or as dependent upon some communi- 
cation between the traces and interpolated processes, we are 
led to the same prediction: the more available the original 
trace, the greater will be the chance that associations will be 
formed which may be detrimental later, or, the greater the | 
chance that interpolated processes will communicate with 
traces to the detriment of later recall. In either case, it 
follows that forgetting conceived as a generalized form of 
retroactive inhibition should be proportionately greater for 
the isolated items, То the extent to which isolation means 
simply availability, it should lead to good initial recall and 
rapid forgetting.? 

A second argument follows from the assumption that the 
difficulty of crowded items is due to the presence of intra- 
serial inhibition. In serial learning, for example, Hull (6) has 
held that remote excitatory tendencies span successive items 
and that these must be inhibited before a list can be mastered. 
There is reason for supposing that these inhibitions disappear 
with time, to the advantage of later efforts at recall. The 
loss of inhibition thus may offset the decremental effects of 0 
forgetting. In cases where the degree of inhibition is very 
great due to the close spacing of practice trials (4, 5), or the 
massing of large amounts of inhibitory material (12), the re- | 
covery may be so great that reminiscence results: more is 
recalled after a lapse of time than was recalled on an initial К 


1 The results of experiments by I. Müller (xz), in which the items of a series were 
spaced in time, suggests an interaction among traces. It is possible, however, to 
interpret her results in terms of some form of process-trace interaction. 

2 Koffka (7) also has suggested this line of reasoning. 
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test. But whateyer may be the magnitude of this effect, it 
should always operate to slow up the process of forgetting. 

Both lines of argument lead clearly to the same conclusion, 
namely, that isolated material should be forgotten relatively 
faster than crowded material. It should be noted that this 
conclusion refers only to the relative rates of forgetting and 
does not enable us to say what will be the final absolute level. 
It may be that since isolated material will have initially a far 
higher absolute level of recall, this superiority may be main- 
tained for a long period even though the rate of forgetting is 
relatively more rapid. 


EXPERIMENT Г i 
We proposed to test the expectation discussed above by 


. plotting forgetting curves for isolated and crowded materials. 


Several groups of Ss learned lists containing two items of one 
kind of material (isolated) and six items of another kind 
(crowded). An immediate recall test was given in uniform 
manner to all groups, and an unexpected second recall test 
was given at various later times. In this way we can follow 
the course of retention for the two kinds of items, using but 
one unexpected recall for each experimental group. 


EXPERIMENTAL PROCEDURE 


Specifically, our procedure was as follows: each group of Ss was shown a series 
of eight Si x8” stimulus cards, at the rate of about 2 secs, per card. The series was 
exposed either two or three times, and an immediate recall test given by the method 
of reproduction. The stimulus materials are shown in Fig. 1. 

Ss were simply asked to observe the cards carefully, before the first exposure. 
Before the last exposure, however, they were warned that immediately at the end of 
the series they would be asked to reproduce the various items. This they did without 
regard to order or exact proportion of the stimulus items. This method was chosen 
becaitse of its simplicity for use with naive groups. , Ss were requested at the time of 


the immediate recall test not to discuss the experiment with anyone, and had no 


further contact with E. until, at the chosen time, he returned without warning to ask 
for another reproduction. f 


Ss for one set of experiments 


d 2 We are indebted to the administrators and teachers of the high schools in Media, 
Springfield, and Swarthmore, Pa., for excellent coöperation in arranging experiments 
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sponding groups were used. One group learned list 1, the other list 2 (Fig. 1). In 
“this way syllables as isolated items could be compared with syllables as crowded 
items for a particular length of period of retention, and the same comparisons were 
possible with geometric figures, The inherent difficulty of a particular type of material 
thus was approximately a constant for a given comparison. 
The nonsense syllables chosen all fall at very nearly the same level of difficulty 
(75 percent) according to Krueger's (9) ratings. The geometrical figures used likewise 
were of a nearly uniform level of difficulty, having been reproduced by about 75 percent 
of 120 Ss in a previous similar experiment done under the direction of E.B.N. These 
assurances as to the equality in difficulty of our items permit us to assume that differ- 
ences in the learning of isolated and repeated materials depend upon their isolated 
or crowded character, and not upon inherent differences in the difficulty of items. 


* LIST I LIST 2 LIST 3 


DEH EQUAL 
CEP 647 " 
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Fic. 1, Stimulus series for experiments I (list т, list 2) and II (list 3). 


All scoring was done by C.E.B. The criterion for correctness of syllables at any 
recall was: all letters present in correct order. The correctness of geometrical figures 
was more difficult to judge. It was arbitrarily decided to term a figure correctly — 
reproduced if (1) the general outline, and (2) most of the outstanding details, were 
present. These criteria permitted some latitude as to distortion of shapes, variation 
in small details if their general character was indicated, etc. For example, the number - 
of steps drawn for a step-like figure did not matter if the ‘step character’ was indicated; 
if small circles were drawn as dots, this was accepted as correct. Permitting such 
departures from strictly faithful reproduction raised the absolute scores for figure. 
recall. The procedure can be defended on the ground that after a rather large amount | 
of experience it seemed possible to be quite consistent in the scoring. Earlier scorings 


with their students. Dr. Maurice Mandelbaum and Dr. Richard Brandt of the 
Philosophy department of Swarthmore College also kindly arranged for experiments 
with their classes, 
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: then were re-checked so 


TABLE I 


Момвевз or Ss ror Елсн TIME INTERVAL AND TYPE or MATERIAL 
à (Exrerment I) 


Time pnt бараа апі List Learned * Number of Ss 
Te _  —  ———— 
High School 
есет сысы е ишы ET M. ü 

i I 16 
2 mim. " 5 3 6 
30 min. I 42 
2 42 
1 da; I 23 
y 3 as 
H 24 
2 days i 5 
days H 2i 
3 day: E 2 
1 week 1 19 
Р M 2 16 
oem e a a ASA, ATENA 8 M BEEN 
College 
in. I 15 
LM 2 8 
thr. H Io 
ү 2 14 
2 days I 20 
2 15 
5 days H 19 
7 2 12 _ 
E EN тос кт т MM rS ^ o O 0€* 
"Total, 404. 


Кы у ы SHOP cetq ME t en d ON MD MES 


* Number of list refers to Fig. 1. 


that approximately the same amount of leniency was used 
throughout, 


A word should be said about a 
out a greater part of the paper. 
availability, so they were not m. 


particular computation which is employed through- 
Our Ss were classroom groups, used because of their 
latched as to learning ability, and their initial recall 


change in recall scores after various time 
among isolated items, since there were but 


: NT PETS E , 
in order to utilize indications as to ‘absolute 
computed a learning-recall ratio, or index, ac- 


two of these in each list), Therefore, 
level of learning ability for any S we 
cording to the formula ixi, where L is the initial and R the final recall score 
("learning and ‘recall? Scores, respectively). These ratios for all Ss then were treated 
as scores, upon the basis of which means 


and S.D.s could be computed for each group 
in the conventional manner, It will be seen that the mean ratio of a final to initial 


; Я 
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in studying retention, it was desirable to А 
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test can range between — 1.00 (nothing recalled at initial test, anything at final), 
through zero (no change), to + 1.00 (complete forgetting). Since the ratio of zero 
indicates no change, if the difference between a particular mean ratio and zero is 
greater than three times the S.E. of this mean, we have an indication that this amount 
of change from initial to final test is statistically reliable. 


Intar RECALL 


Before it is possible to consider the forgetting curves for 
our data, it is necessary to show that we in fact are dealing 
with isolated and crowded material in von Restorff’s sense. 
In Table II are presented the percentages of items correctly 


. TABLE II 


Inmar AND FrNAL PERcENTAGES OF RECALL ror EAcH EXPERIMENTAL GROUP * 


Cr. Syll. Iso. Syll. Cr. Fig. Iso. Fig. 


Groups Interval 
Init. | Fin. | Init. | Fin. | Init. | Fin. | Init. | Fin. 


High school 2 min. 76 70 88 84 80 83 9r 9r 

30 min. 69 66 87 83 78 86 88 94 
1day 72 69 | 100 96 84 94 80 85 
2 days 89 | 56 | 90 | 83 | 81 | 79 | 94 | 92 
3 days 84 71 90 78 80 76 go 92 
1 week 78 56 94. 90. 90 69 90 82 


College 5 min. 7 71 87 75 85 81 90 | 90 
1 hr. 88 70 97 82 83 91 95 99 
2 days 76 4 93 87 86 78 90 88 
5 days 81 2 


* Italics indicate reversals of general trend (see text). 


recalled by each group of Ss. For the present purpose, only 
the percentages for the initial tests are of interest. Compari- 
son of the recall scores of one group of Ss; for isolated mate- 
rial, with the score of an entirely different group of Ss, for 
similar but crowded material, shows a superiority of isolated. 
material in all except two cases. These results are sum- 
marized in Table III. The absolute level of recall is in all 
cases rather high, but this was obtained intentionally, since 
our interest was in the curve of forgetting and we wished to 


Start with a high level. In spite of this, the differences be- 
tween isolated and crowded material are highly reliable. The 


lower part of Table III shows that such differences, com- 
Paring figures with figures, are slightly smaller than those 
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comparing syllables with syllables, but even these would be 
‘quite reliable were it possible to allow for the varying ability 
of individual groups. These results make it clear that we 
are dealing with a genuine factor of isolation, as opposed to 


crowding. 

TABLE III 
Comparisons or CROWDED AND Ізоілтер MATERIALS IN INITIAL RECALL Scores 
. (GIVEN as PERCENTAGES) 


Crowded Isolated ри. CERAM 
High school 
College.... A 
Syllables. ........ 
Figures..... Non 


FORGETTING 

The results of the final recall tests, given from two min. 
toone week after the initial recall test, are presented in Tables 
I and IV. The former table gives a clear impression of the 
absolute level of recall after the various intervals of time, but 
accurate comparisons between groups are impossible without 
relating each final score to the initial score by the same group. 
Of even greater importance, however, is some estimate of the 
reliability of any loss (or gain). This can be obtained from 
the indices of forgetting presented in Table IV, and they will 
be used throughout the subsequent discussion. The data of 

this table are presented graphically in Figs. 22 and 2b. 
Isolated Material.—Qur first clear result is that a compari- 
son of the size of the mean indices with their corresponding 


*In computing Student’s-t, for the comparisons of crowded and isolated items 
shown in the шр part of Table III, use was made of the existing pairings of data 
thereby ‘control ling” that part of variation in scores which was due to variation in 
ability of the various groups. That is, indices of retention for syllables as crowded 
material were compared with indices for figures as. isolated material, for all groups 
having this combination. With these comparisons were combined all those for groups 
having figures as crowded material and syllables as isolated. The constant error 
(see discussion of scoring) which raised the indices for figures thus operated to favor 
isolated material in half of the pairings and to favor crowded material in the remaining 
pairings from which ¢ was computed, 


ith no possible way to take account of variations in ability of groups in obtaining 

the C.R.s shown in the lower part of Table ПІ, we have ЖЫ fie Маа formula 

8 аер Uh 2 end а He the assumptions which must be justified 
que is used, we do not iti i 

P E eel that it is fully applicable here. It therefore 
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TABLE IV р 


Mean Ratios or Finar то InrraL REcALL Scores, Wir Tuer S.E.s * 


, Groups Interval Cr. Syll. Iso. Syll. Cr. Fig. Iso. Fig. 
High school 2 min. :046.028 |—.0214-.069 |—.021-.011 | :.0002-.029 
30 min. .059--.030 | .0482.053 |—.059--.019 |—.0402-.020 
1day .o812-.038 :0273-.018 |—.059+.015 | .013=.032 


2 days 2752-076 | .0562-.066 | .от2--.012 | .0142-.037 
3 days .095-Е.О23 .097-Е.09О | .0562-.013 | .ооо:Е.ої8 
I week 167.051 |—.021--.018 | &.1602-.015 | .0522-.046 


College 5 min. .043-.019 017.130 | .025--.027 .000+-.000 
I hr. 128.016 .095-.070 |—.061--.021 | .033--.033 
2 days .284-.065 | .о67--.072 | .00823-.046 | .000=b.061 


B 5 days 607.064 | .221-Е.0б9 | .1614.049 | .087--.050 


*The ratios were computed from each individual's scores, according to the 
Learning — recall : 

ay (see text). The mean ratio and the S.E, of the mean for 
Learning -} recall Ad * 
each group were then computed from the individual ratios, A negative ratio indicates 
reminiscence, a positive, forgetting. 


formula: 


S.E.s (Table IV) shows that there are almost no significant 
changes for the isolated material. Of the 20 indices for iso- 
lated material, but one is statistically significant, a second one 
possibly so. In contrast, for the crowded material, 11 of 20° 
indices are more than three times the size of their S.E.s; three 
of the remaining nine are more than twice their S.E.s. The 
lack of significant change in isolated material cannot be at- 
tributed to a lack of reliability, for even were the S.E.s as 
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MIN. HOURS i 
їс, 2а. Curves of forgetting for high school groups, based on the indices of Table ТУ, 
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low as those for crowded material, there still would be but 
one significant change, in isolated syllables, after the longest 
interval, with college students.5 There perhaps is an inherent 
difference between the two kinds of material. Тһе geometric 
figures are slightly more stable, showing a mean change for 
all the intervals of .o16 (roughly equal to a loss of three per- 
cent), compared with a mean change of .059 (loss of 11 per- 
cent) for the syllables. 

It should be noted in passing that the fact that these 
values do not indicate a gain in recall scores for the isolated 
material is significant in itself. Recent studies have sug- 


COLLEGE 


RECALL RATIO 


& MIN. HOURS 
Fic, 2b, Curves of forgetting for college groups, based on the indices of Table IV. 


gested that the recitation incidental to an initial test of recall 
may raise the level of any subsequent test (2, 3). It would 
be difficult to prove that such an effect was not present in 
our results, simply being obscured by forgetting which is more 
obvious. But such a presumption is at least very unlikely 
in those cases where there is not significantly less forgetting 
after two to five min. than there was after a week. All of our 
results for the isolated material suggest very little forgetting 
(or very little gain) for the first two days or more, and part 


passu, little likelihood that the final recall test is being favored 
systematically. 


5 The smaller number of isolated items 


case with crowded items, This cannot be Produces greater unreliability than is the 


avoided, by the nature of the experiment. 
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Crowded Syllables.—The second clear-cut finding is that 
during the time when the isolated material showed little 
change, the crowded material was being forgotten to a sig- 
nificant extent. To look first at the final level (Table IV, 
Figs. 2a and 2b) reached after five days and a week, respec- 
tively, by the crowded material, it will be seen that indices 
for both materials and for both groups of Ss show significant 
forgetting, and that the crowded material has been forgotten 
more than the corresponding isolated material in all four cases. 
These differences are not all equally significant but taken 
together indicate a high reliability. The C.R.s for the geo- 
metrical figures are 1.06 and 2.25 for the college and high 
school groups respectively; for the syllables, they are 4.11 and 
3.79 (all showing superior retention of isolated material). 
Disregarding the kind of material used, in order to make com- 
parisons S by S, we find that for high school students the 
mean difference is .0145 (Student's t = 2.97); for the college 
students the difference is .0317 (^ = 4.15). Both differences 
are highly reliable. * 

In the case of one kind of material, the syllables, the more | 
rapid forgetting of the crowded items is apparent from the 
earliest time interval tested. Inspection of Table IV and + 
Figs. 22 and 2b will show that the crowded syllables are con- 
sistently below all the other kinds of material. In the more 
uniform results of the college groups the difference between: 
crowded and isolated items becomes progressively larger from 
One interval to the next. Adequately matched high school 
groups doubtless would show the same result. This result 
holds true for the syllables even though their initial level of 
tecall was the lowest: the crowded syllables were remembered 
least well on the initial test and then were forgotten propor- 
tionately more rapidly. | ean 

Crowded Figures —The third clear fact in our results is | } 
the evidence for reminiscence. Seven of the 40 indices in ШО 
Table IV have negative signs, indicating a rise from initial to 0 
finaltest. "Three of these are nearly or more than three times — 
as large as their S.E.s, indicating a significant gain. All three” 
occur with the crowded figures at intervals between 30 min. 
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апд опе day. A glance at Figs. 2a and 2b shows quite clearly 
the extent of the effect. 

It is important that certain things about this evidence of 
reminiscence be specified in greater detail. First, we should 
apply two further criteria to test the genuineness of the rise 
in our curves. G. О. McGeoch (то) has proposed that the - 
number of individual Ss showing a gain be compared with 
the number showing a loss, as a measure preferable to simply 
mean gainorloss. When this criterion is applied to our data, 
the results shown in Table V are obtained for crowded figures, 


TABLE V 
PERCENTAGES ОР Ss SHOwiNG GAIN 1ч Finat Over INITIAL Test, ror CROWDED 
Ficures (Reminiscence), Comparep wrrH NuMBER Suowinc Loss 


Perce pe Diff 
Term | x | Showing Gain | showing loe (G =D) 
High School 


* Probably an atypical value; it is based on a small number of Ss. 


-the only material showing reliable evidence of reminiscence 
Бу the criterion of mean gain. These percentages show an 
almost point-by-point correspondence with the mean indices. 

D Atthe one hr. and one day intervals the number of Ss showing 
gains is quite impressive, especially in view of the fact that © 
no Ss show losses. The fact of reminiscence is demonstrated; 
its magnitude is not clearly shown by such a gross comparison. 

; А second test for reminiscence would require that a com- 
parison of identical tests given at.two intervals after the 
initial learning to different groups should show a reliable rise 
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in the level of performance. The reason for this requirement ~ 
was indicated in the discussion above. Three differences may 
be examined in this way, the 30 min. level vs. two min. level 
and the one day vs. two min. for the high school groups, and 
the one hr. level vs. five min. level for the college groups. 

+ These differences, from Table IV, are .048, .048 and .086, 
respectively. Compared with their respective S.E.s, they give 
C.R.s (for reliability of the gains) of 2.18, 2.59 and 2.51. 
There can be little doubt that there is significantly more remi- 
niscence after from one hr. to one day than there is after two 
to five min., for the crowded figures in our lists. 

The fact that reminiscence occurs in the case of crowded 
figures is clearly in line with our expectations. Also, the fact 
that it does not occur reliably in the isolated material accords 
with prediction. There remains the question of why it does 
not occur with crowded syllables. Ward (r5) and Hovland 
(4) have shown that the effect can be found under certain 
limited conditions. Either the difference in method (Ward's 
and Hovland's anticipation method contrasted with our free 
recall) ‘or the difference in time intervals used, or both, might 
be responsible for our failure. Their results suggest a small 
reminiscence effect with syllables which disappears very |. 
quickly. If there was any such effect present in our experi- 

» ments, it probably was offset by the marked forgetting present 
with this material by the time of our first tests. B 

It is pertinent to remark that this difference in behavior 
of figures and syllables is not at all unique. Almost all of the 
investigators mentioned above who have had occasion to use | 
these materials have found consistent differences. Unpub- en 
lished experiments conducted by E. B. N. for other purposes. i 
have consistently demonstrated the presence of reminiscence 
in the case of figures and its absence in the case of syllables. | 
An adequate account of the systematic differences between а 
kinds of material is largely speculative at the present time. SERT 
i Crowded vs. Isolated Material—For purposes of discussion ^. 
it is convenient to separate reminiscence and forgetting. | 
Reminiscence seems to be an effect which occurs when certain - 
special conditions are fulfilled. What all of those conditions 


* 
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are cannot be specified adequately in terms of the present 
` findings. It has been suggested, and this experiment is con- 
sistent with the explanation, that reminiscence occurs when el 
there is a relatively large amount of intra-serial interference, 
Considering forgetting apart, this experiment has shown 
that the forgetting of crowded material is relatively more rapid* 
than the forgetting of isolated material, a finding that is con- 
trary to the prediction made at the outset. Forgetting of — 
isolated material does not take place to a significant extent о 
during the one week interval which we tested. [tis probable 3 
that still longer intervals would reveal such forgetting. For- 7 
getting of crowded material starts at the shortest intervals 
tested (syllables) and is so great at the longest periods that it — 


overcomes fairly marked reminiscence (figures). n. 
[Ж 


Discussion 


It could be argued that the outcome of our experiment 
necessitates substantial revision of some of the assumptions 
set forth in the introduction to this paper. Forgetting, it 
might be said, is independent of external (e.g., retroaction- 
producing) factors, and the rapid loss of crowded material is | 
simply a function of a weaker original impression: we only < 
have an additional example of the principle, the weaker the ~ 
"bond, the more quickly it will fade out and become in- | 
effective. But before reverting to this or any other equally! | 
superficial view of memory, we should like to examine more | 
closely the formulation of our problem. 

As a starting point, reference should be made to certain | 
results recently published by one of the writers (r2). In this 
oase it was shown that single lists of syllables were forgotten —..- 
more rapidly, after the first short interval of time, than were |. 
three lists, each equal in length to the single list, learned in 
quick succession. It was argued that the single list was rela- 
tively isolated, in contrast to the three lists learned at one 
‚ sitting which ‘crowded’ each other. Certainly some factor 

such as.massing or crowding, able to account for the differ- f 
ence, was at work. Thus it was argued that the ‘isolated’ | 
list was forgotten more tapidly and the ‘crowded’ lists were 
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retained better. This experiment, then, and our present one 

seem to produce contradictory results. In what respect do 

they differ? i 
In her first paper von Restorff (14) bring. out an impor- 


tant point which has not been mentioned here. She showed 
that an item is not isolated simply because it differs from 


each other item in the series, but rather that its isolation is 


equally dependent upon the homogeneity or similarity of the | 


remainder ofthelist. Isolation as it was present in her main 
series of experiments, and probably also in ours, is a standing 
out of a single dissimilar item on a ground of many similar 
items. This structural characteristic of the list is a necessary 
condition for the existence of an isolated item in von Restorff's 
sense. 


It is apparent now that the meaning given to the term 


isolation in-the discussion at the outset of this paper is a 
different one from that just outlined. In the meaning first 
implied, isolation would signify having no near neighbors, 
standing without any strongly or sharply defined relationship: 
to the surroundings, as in the experiment with the single vs. 


triple lists (12). This might be called ‘absolute isolation.’ 
‘In von Restorff’s sense and in our experiments, isolation im- 


plies that an item has the character of a figure upon a ground; 


,8n item has many immediate neighbors and is related very 


strikingly to those neighbors, related by contrast. We sug- 
gest that the difference between these two conceptions of 
isolation will explain the contradiction between our assump- 
tions and the outcome of our experiment, and also the differ- 
„псе between this experiment which employed ‘figural isola- 
tion,” and the earlier experiment (single vs. triple lists) which 


. employed ‘absolute isolation.’ 


It is possible tentatively to set up a two-fold principle to 
„explain differences in rates of forgetting in these differing 
situations. Such a principle would state that those items will 
be most tapidly forgotten which are readily available to chance 
disturbing or interfering forces, and which at the same time 
are only weakly related to surrounding items. This is the 
case which we have called ‘absolute isolation.’ On the other 


E 
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hand, those items will be forgotten least rapidly which аге 
available due to their isolation, but which at the same time 
are strongly imbedded in the series. This is the case of iso- 
lation described by von Restorff and used in our experiment, 
The single item stands out by virtue of the structure of the- 
series. Itis a figure ona ground. It is isolated only because 
of the homogeneous ground, a matrix which both establishes 
the isolated item and at the same time protects it. Finally, 
the crowded items of a series of this latter type of structure 
will be forgotten more rapidly than the isolated items of the 
same series because they are not nearly as accessible as the 
isolated items and will be hard to recall. At the same time, 
this very inaccessibility may protect them somewhat from 


Tetroactive interference. They also are imbedded in the list 


and will be less subject to forgetting than are items which 
bear no close relation to their surroundings, t.e., in the case of 


. ‘absolute isolation." 


, could be achieved, t 


Such a principle would mean little were it not possible to 
test it. An experiment by von Restorff (14) suggests one way 
of testing our present hypothesis. Her experiment consisted 
of using a stimulus series in which the character of ‘figural 
isolation’ had been destroyed by making all the items in the 
series as different from one another as possible. She found 
that fewer items of a heterogeneous series constructed in this, 
Way were recalled than isolated items in an otherwise homo- 
geneous list, but more were recalled than was the case for 
crowded items in the homogeneous list. Measured in terms 
of availability, the heterogeneous list stood midway between 
the isolated and crowded items of the homogeneous list. If 
Our reasoning has been correct, the forgetting of such a hetero- 
geneous list should be at least as rapid as for the crowded 


items in the lists we actually used because the crowded items - 


are less accessible. If a suffcient degree of heterogeneity 


d, he forgetting should be even more rapid 
even though the initial recall is better. We were able to test 
this expectation in a preliminary way. 
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Experiment II 


Experiment II was conducted in all respects just as was 
Experiment I, with the single exception of the material pre- 
sented. The stimulus list (list 3) is shown in Fig. 1. It will 
be seen to consist of three items which might be classified as 
verbal, an adjective, a nonsense syllable, and a consonant; 


three items which were geometrical figures, an outline of an’ 
object, a fish, and the radical sign; and two items which were © 


numbers, one with three digits, the other with only one. The 
list is more heterogeneous than those used previously and the 
items are about as varied as our general type of stimulus 
material and method of presentation will allow. College 
groups only were used; they were re-tested after one hr., two 
days, and one week, as with the previous procedure. 4 

The results of this experiment are summarized in Tables 
VI and VII. These tables may be compared roughly with 
Tables II and IV. We have divided the new stimulus list 
into the three categories mentioned above, for the purpose of 
scoring. The first two of these groups, the verbal and the 
geometrical items, may be compared with the syllables and 
figures respectively of Experiment I, but this comparison is 
only approximate at best, and all of the subsequent discussion 
must be read with this limitation in mind. 

The mean level of initial recall (three categories of items 
combined) was high in all three groups of Ss. The mean of 
the groups combined, 90.7 percent, compares favorably with 
the mean for isolated items in the first experiment, 91 percent, 
but little significance can be attached to such a comparison 


because of the lack of any objective control of the difficulty 
of the material. Only relative measures, such as the ratios _ 


Presented in Table VII, can be considered seriously. 


The rate of forgetting of this heterogeneous material was. 


one of the most rapid found in any of our work. After one 


week recall had dropped from 89 percent to 51 percent (all. 


Categories of items within the list combined), an amount of 


forgetting exceeded only by the college group having crowded 


syllables in the first experiment. The more detailed com- 
parisons in Table VII bring out the same point. At the end 
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TABLE VI 


ReEcaLL Scores IN THE VARIOUS CATEGORIES or STIMULI (PERCENTAGES) FOR 
Inrtrau AND Finan Tests. on A HrTEROGENEOUS List (CorLece Ss) 


Numbers 
Interval 
Init. Final 


TABLE VII 


~ Mean Inpices or RETENTION ror A HETEROGENEOUS List COMPARED WITH 
Varuss тх ExrermenT I (CorLece Ss 1х Borm Cases) 


Heterogeneous Isolated Crowded 
000.000 :095+.070 .1282-.016 
»0003-.008 .033+.033 —.061+.021 
.000+:057 
2474.078 067.072 .2844-.065 
.1492-.041 .ооо+.обі .0082-.046 
-137+.061 


221.069 607.064 
:087--.050 +161+.049 


Verbal 375.064 
Figures :2152-.033 
Numbers |, .4572-.062 


of one hr. no change of any significance had taken place. At 
the end of two days the verbal material (Experiment II) had 
dropped more than the isolated syllables (Experiment I) but 
not as much as the crowded syllables. The geometrical fig- 
ures in the heterogeneous list had dropped significantly more 
than either isolated or crowded figures of the first experiment. 
{+ Comparisons at the end of one week can be made only with 
the corresponding five day group of the first experiment, but 
the order of the differences is exactly the same: the verbal 
material (second experiment) is below the isolated syllables 
(first experiment) and the figures (second) are below either 
the isolated or crowded figures (first). The exception to our 
expectation occurs both times in comparisons with the crowded 
syllables. This may be explained partially by recalling that 


ж 


FORGETTING OF ‘CROWDED’ AND ‘ISOLATED’ MATERIALS 197 


the verbal material of the second experiment contains a mean- 
ingful word and consonant in addition to the nonsense syllable, ' 
so that forgetting for this category should not proceed so 
rapidly. The mean ratio for the syllable alone shows more 
forgetting (.457) than for the three verbal items combined 
(.375), but this difference is not very significant because the 
sample is so small. 

The most important fact about these results is that they 
establish conclusively the difference between an item having 
figural isolation in the sense of Experiment I, and an item in 
га heterogeneous list which differs just as much from its neigh- 
bors but lacks any figural character, as in Experiment П. In 
general, such a term as isolation may not be applied without 
regard for the structure of the series in question; the same 
must be said of terms such as similarity, identity, and others. 

Furthermore, these results lend support to the view ad- 
vanced at the outset of this paper, that memorial material 
unrelated to its surroundings and isolated in an other than 
figural sense will be forgotten more rapidly than more homo- 
geneous material. Our results actually demonstrate this point 
when geometrical figures are used as material. The results 
for verbal material fail to support this conclusion but there " 
is reason to believe that better experimental procedures would 
produce a different outcome. The very marked increase in 
the rate of forgetting in Experiment II over the isolated mate- 
rial of Experiment I make it probable that a more carefully А 
selected heterogeneous list would be forgotten even more 
rapidly. f 
_ In conclusion, we believe that our experiments and the ub 
interpretation which we have given them support the inter- 
ference theory of forgetting. At the present time there cer- 
tainly is no other view which is adequate for such differential 
rates of forgetting as are reported above. 


SUMMARY ess 
In our main experiment we compared the rates of forget- 


ting of isolated and crowded materials over various intervals | 
up to опе week. In a list of eight stimulus items, two of one 
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kind of material were called ‘isolated’; six of a different kind 
of material were termed ‘crowded.’ Contrary to expecta- 
tions, crowded items were forgotten relatively more rapidly 
than isolated. But reminiscence did occur, and in accordance 
with our expectation, only with crowded items. An expla- 
_ nation of the results, involving the difference between isola- 
tion in the sense of having no near neighbors, and isolation 
as a figural character in an otherwise homogeneous series, was 


developed. A second experiment demonstrated the validity 
of this distinction. 


(Manuscript received July 19, 1939) 
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ROTE AND LOGICAL RECOGNITION MEMORY 


BY HILDING B. CARLSON 
University of Illinois 
AND 
HARVEY A. CARR 
University of Chicago 


Does the distinction frequently made between rote and 
logical memory refer to differences in the kind of material, to 
the method of memorization, to some combination of the 
material and the method of memorization, or does it also 
imply a difference in ability? In a review of logical learning 
and retention (4) Welborn and English conclude that “differ- 
ent factors operate in substance memory and in rote memory,” 
and that “substance memory may have distinct laws from 
those governing nonsense syllables,” whereas Reed (3) states 
“Memory for prose substance is thought by some psycholo- 
gists to be totally different from memory for rote learning, 
but it probably differs from it in degree rather than in kind.” 
If the distinction is one of kind of material and method of 
memorization only, individuals would be expected to main- 
tain their relative rank, irrespective of the rote or logical 


"nature of the memory tests administered to them. On the 


other hand, if the distinction also involves a difference in 
memory ability, some individuals would be expected to vary 
in their relative rank, depending upon whether the test con- _ 
sists of rote or logical material. This experiment will attempt 
to find whether individuals tend to maintain their relative 
rank on both rote and logical recognition memory tests in- _ 
Volving certain restricted materials or whether they tend to 
vary in their relative rank in accordance with the rote or 
logical character of the material to be memorized. If we find 
that the former is the case, then the distinction between rote 
and logical recognition memory does not involve different 
abilities, while if the latter is the case, the distinction between 
199 
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rote and logical recognition memory also involves à distinc- 
tion in ability. Dian’ 

The nature of the present problem and the procedure 
involved is like that of a preceding paper on Visual and Vocal $ 
Recognition Memory (2), the two studies differing only in 
respect to the materials used. In the first paper we demon- 
strated that there are individual differences in ability to use 
visual and vocal cues, and therefore that recognition: memory 
involves visual and vocal components. In the present paper, 
we shall give evidence showing that it also involves rote and 
logical components. 

Previous experimenters on this problem of rote and logical ` 
memory have generally relied upon the score on a single list 
of rote materials as a measure of ability to memorize rote 
material and the score on another list of logical material as 
a measure of ability to memorize logical material. It would 
be scientifically more satisfying to use the scores for a number 
of lists of rote and logical materials, and to use the average 
score of at least two presentations of each list. This has been 
done in this experiment *by using series of lists, each series 
being made up of five parallel forms, and each list being ad- 
ministered twice, the two presentations being separated by 
two to three months. l 
| Part of the material to be memorized should be such that — 
its meaning or significance gives little or no aid to the subjects ~ 
when they are tested for their memory of this material, while: 
other material should be such that its meaning is of distinct 
aid to the subjects when they are tested later. Data upon 
material of this nature were gathered in connection with a 
previous study of memory (т) and inasmuch as it is particu- 
larly appropriate for the purpose of the present study, it has 
been used again: Since the experimental conditions, etc., 
under which these data were gathered have already been re- 
ported in detail, they will not be repeated here except to 
indicate those aspects which are essential to an understanding 
of the results reported in the present study. 

While many kinds of material might be used, words were 
used in this experiment since their presentation can be more 


К 


ROTE AND LOGICAL RECOGNITION MEMORY y 201 


readily controlled. A word can Бе recognized on the basis of 
its visual appearance, the auditory or kinaesthetic cues in- 
volved in its pronunciation (hereafter termed vocality), or on _ 
the basis of its meaning. If a subject relies upon either the 
visual appearance or vocality of a word in recognizing it, he 
is using rote memory, whereas if he relies upon the meaning 
of a word, he is using logical memory. By using words, and 
testing for memory by means of the recognition method with 
specific distractors, it may be possible to differentiate between 
subjects using rote and logical recognition memory. Recog- 
nition lists were therefore made in which the distractors were 
systematically varied in visual appearance, vocality, the com- 
bination of visual appearance and vocality, and in meaning. 
Accordingly, groups of words were selected of such character 
that other words could be found that have specific relation-' 
ships to the first word. One group of words was chosen be- 
cause for each, another word, alike in meaning and differing 
only in visual appearance could be found;.a second group of 
words was collected because for each word another word could 
be found which differed only in vocality; a third group of 
Words was selected because for each word a synonym could 
be found; and a fourth group of words was selected because . 

for each word another word alike in visual appearance and 
vocality but differing in meaning could be found. "These ^ 
groups are E, F, C, and G, of the previously reported study 

(1), and the same letters will be used to designate them here. * 
Examples of these words are included in Table I. 

In Group G, both words of a pair should have the same 
visual appearance and vocality but should differ in meaning. 
Since it is impossible to designate the specific meanings of _ 
these words without the use of a context, it was necessary to 
make such designations by arbitrarily inserting or using a con- 
text. This was done by placing the context in parentheses, 
as “bark (of dog)’ for one and ‘bark (of tree)’ for the other. 
Since it is quite possible that the subjects might tend to react Pu 
to the words in the parentheses, as ‘(of dog)’ and ‘(of tree)’ 
and disregard the word ‘bark? entirely, the words in paren- 
theses were made less conspicuous by using smaller type. 


ey 
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А TABLE I 
RELATION BETWEEN THE Worps or A PAIR IN THE EXPOSURE 
AND Recocnition Lists 


Number Words da ^ 
Group | in Each Recog- rise Example 


E- 44 Vocality Visual appearance | through 
Meaning thru 
F 26 Visual appearance | Vocality con'tem-plate 
Meaning con-tem'plate 
p c s 48 Meaning Visual appearance | rely 
Vocality depend 
G 66 Visual appearance | Meaning bark (of dog) 


Vocality bark (of tree) 


The exposure lists included one word of each of the pairs. 
"The corresponding recognition lists contained both words of 
the pairs, the additional one serving as a distractor to that 
presented in the exposure list. Since the relation between 
the associated words in a recognition list was constant, the 
use of a particular mode or combination of modes was favored 
for each list. М 

Inspection of Table I shows that while meaning, vision, 
and vocality could have been used in memorizing the words in 
the exposure lists, the subjects could not use meaning to dis- 
tinguish between the words of a pair in the recognition lists 
in series E, F, and C, but could use meaning in series С. If 
a subject is relatively superior in the use of visual or vocal 
cues (i.¢., in series E, Е, or C), as compared with meaning 

1 (2.е., series С) he is relying upon rote memory, whereas if the 
opposite is the case, he is relying upon logical memory. Ac- 
cordingly, if we can find such subjects, we thereby demon- 
strate that there are individual differences in ability to utilize 
rote and logical memory in recognizing words and therefore 

. that the ability to memorize words involves a rote and а 
logical component. 

"The words were serially exposed on a screen by means of 
a film and a projection machine in order to make it possible 


to give the experiment to a group of subjects at one time and 
to control the exposure time for each word. 


» 
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The subjects were told that a series of words would be ` 
shown on the screen and they were instructed to memorize 
the words so as to be able to recognize them when presented 
as part of a longer list. No instructions were given as to the 
mode of memorizing. The exposure list was presented but 
once. Each word was exposed for two seconds. 

The recognition list was shown immediately after the ex- 
posure list, the subjects being instructed that all the words in 
the first (exposure) list were in the second (recognition) list, 
interspersed with other words. Nothing was said about the 
character or number of the distractor words. The subjects 
were asked to check in the proper blank space on a prepared 
data sheet which words were in the exposure list апа which 
were not. They were told to guess whenever in doubt. A 
response was thus made to every word in the recognition list, 
This list was also exposed but once. To permit the subjects 
time to respond, the exposure time for each word was three 
seconds, one second longer than in the exposure list. 

A total of 202 high school and college subjects participated 
in and completed the experiment. 

The majority of the subjects were not familiar with psy- 

. chological experiments, and'so five preliminary practice lists 
with nonrelated distracting words were given in order to off- . 
set as much as possible the variability in the scores that might 

+ тезше from this lack of familiarity with the testing procedure. 
No use was made of these data. ar v 

Because the mean and standard deviation of the average 
Scores of the tests differed, no direct comparison could be made 

+ between an individual's average scores on the tests in one | 
Series and those in another. Some form of comparable scores \ 
had to be used. Accordingly, the individual's average scores 

“on each of the tests were transmuted into normalized standard’ 
Scores, obtained by transmuting the raw scores into percentile | 
tanks, and these in turn into standard scores by means of .— 
Kelley’s tables. | с 

The standard scores thus obtained, however, do not per- | 
mit an immediate comparison between an individual's score | 
9n the five tests in one series as compared with those in 


Е 


204 HILDING B. CARLSON AND HARVEY А. CARR - 


another without the adoption of some arbitrary quantitative 
criterion. It was decided to select for further study only 
those subjects whose scores were higher on at least four of the 
five parallel tests in one series than on four or five in another 
series. The advantage of this method over other arbitrary 
methods is that it selects only those individuals whose re- 
sponse to one kind of material differs in a fairly consistent 
manner in reference to another. In order to illustrate this 
' basis of selecting subjects, an example is given in Table II 


TABLE П 
EXAMPLE SHOWING CONSISTENTLY Hicuer-Scores IN SERIES G THAN IN SERIES С 


But) Я Test Number 
Number, Series 
1 a 3 4 5 
74 G 0.49 0.17 0.32 0.29 1.21 
—0.12 0.14 —0.43 —0.46 —0.87 


for subject number 74. "This table shows that the scores on 
each of the five parallel forms are higher in series G than any 
in series C. à 
The number of subjects who made consistently higher 
|... Scores on the tests in series G as compared with those in series 
E, F, and C, is included in Table III. The size of the differ- 
+ ences between the scores on the parallel forms in each series 
‚ for each group of subjects selected is indicated by the mean 
"scores included in this table. 
Let us consider the subjects in.Group 1. The scores for 
, these subjects are consistently higher on the tests in series E 
than on those in series G. In series E the words of a pair 
differ only in spelling, so that there is little or no possibility 
for a subject to differentiate between them by the use of vocal , 
cues or on the basis of meaning. In series G, on the other 
hand, while the words of a pair have identical spelling, each 
has a specific context immediately beneath it, so that a sub- 
ject would be aided in his attempt to distinguish between them 
if he made use of the contextual meaning associated with each 
word, Since these subjects were consistently superior in 
series E as compared with series G, it would appear that 


subjects in Group 3, on the other hand, were better able to ' 


in series F as compared with series G. In series F the paired. 


. tween the related stimuli if he made use of the meaning given 
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TABLE III 


Mean Scores or SUBJECTS CONSISTENTLY SUPERIOR (or INFERIOR) in Semis С 
as ComPARED WITH SERIES E, F, Амр С 1 4 


Mean Standard Score on Each Test 
Group оо Сотрагізоп 
I 2 3 4 5 

1 29 E higher E 22 26 48 | ої 35 > 
Жаб G| —.59 | —49 | —54 | —58 | —.46 

3 36 |G higher G 16 25 26 23 150 
than E Е | —.67 —.40 —.58 —60 | —.55 

4 52 |Fhigher Е 35 20 37 39 38 
than G G| —.50 —.52 —44 —52 | MO 

6 44 |Ghigher G 63 59 +53 66 58 
than F Е | —.35 —.24 —.37 —.51 —44 

; 4$ |Chigher C| 42 30 | 49 43 33 $ 
Жаб С) —47 | —42 | —.34 | —85 | —.29 

9 37 G higher G 27 55 34 44 35 
than C C| —.51 —.30 —43 —.64 —44 7 


relative to the entire group, these subjects were better able to 
make use of visual cues alone than they were able to make _ 
use of the specific meaning of the words to be differentiated. 
We might say, then, that these subjects relied primarily upon — — 
vision rather than upon meaning in their attempt to mem- 

orize the words, or that they made use of a rote method of; Ж 
memorizing rather than a meaningful or logical method. The 0 


make use of the specific meaning of the words than they were 
able to make use of visual cues alone. That is, they tended . 
to use logical memory rather than rote memory. 

The fifty-two subjects in Group 4 are consistently superior 


words differ only in syllabication and in position of the accent 
mark, so that a subject would be aided in his attempt to. 
distinguish between them if he used vocal cues; while in series. 
G, where each stimulus word has a specific meaning appended * 
à subject would be aided in his attempt to distinguish be- 


. These subjects in Group 4 арр сш are more adept i in none Ў 


iw 
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vocal cues than in using meaning or, in other words, they 
tend to use rote memory rather than logical memory. The 
subjects in Group 6, on the other hand, having relatively 
higher scores in series G as compared with series F, presum- 
ably use logical memory to greater advantage than they use 
rote memory. |... ; i 

The subjects in Group 7 have consistently higher scores 
in series C as compared with series С. In series C the words 
of a pair are synonyms, so that a subject could make use of 
both vision and vocality to aid him in differentiating them, 
whereas a subject could use meaning in differentiating be- 
tween the related stimuli in series G. "These subjects in 
Group 7, therefore, appear to make use of a combination of 
visual and vocal cues, rather than meaning, or, in other words, 
they use rote memory rather than logical memory. On the 
other hand, the thirty-seven subjects in Group 9, having con- 
'sistently, higher scores in series G than in series C, rely upon 
meaning primarily, rather than upon a combination of visual 
and vocal cues, or use logical memory rather than rote 
memory. 

There are, however, other possible explanations for the 
results. If we knew all the subjects in the experiment were 
able to use the visual cues in each series with equal facility, 
we could be more certain that the differences found have been 
correctly interpreted. But it is quite possible that the sub- 
jects differ in their ability to use the different visual cues 
involved in each series; i:e., in series E and C the words could 
be differentiated on the basis of spelling, in series F on the 
basis of the syllabication and the position of the accent mark, 
‘and in series G by the visual differences in the character of 
the inserted context. If the subjects differ in their ability 
to use the different visual cues, this might account for the 
differences found in these groups of subjects. An alternative 
explanation for the results obtained, then, is that the subjects 
in each group excelled in an ability to use a specific visual 
- form or pattern as contrasted with another specific visual 
. form or pattern ability. If this is the case, it would be neces- 

sary to postulate that there are a number of fundamentally 
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different visual characteristics involved in the recognition of 
words having those aspects included in this experiment, each _ 
‘characteristic demanding a specific visual ability. Whether | 
such specific visual abilities exist, their number, and their т 
Mature, cannot, of course, be answered by this experiment. | 
There is yet another possible explanation for the results 
hen series C is involved. In this series, while the related — - 
yords are synonymous, there is nevertheless some shade of 
difference in their meaning, and it is possible that some words 
the exposure lists in this series have other more familiar re 
“associations for these subjects than the related synonymous 
distractor. If this is the case, meaning might have been used 
"to advantage, introducing another logical component. Inas- ^ 
uch as there is a considerable group of subjects who are | 
consistently superior in series C as compared with series G, 
and another group consistently superior in series G as com- - 
"pared with series C, the same meaning component could not. 
have been involved in both C and С. A few subjects re- — — 
‘ported that the specific meaning given to the words in series К 
seemed to interfere rather than facilitate the memorization 
and recognition of the stimuli. If enough subjects were so 
influenced, this might also account for the results. Some 
“subjects: may have attempted more or less aggressively to ' 
tead their own meaning into the words in the exposure lists 
‘and they would therefore be aided in memorizing and recog- 
‘nizing the words in series C, while they would be detrimen- _ 
lly influenced in series G. ‘They would therefore be found 
їп Group 7. Other subjects, on the other hand, may have 
ў ‹ und it convenient to use meaning when it was specified, as ~ 
In series С, but did not find it convenient to use meaning when 


end to appreciate the meaning of an object or event only 
еп it is pointed out to them. ПИ 

It is of scientific interest to attempt to check these alter- 
‘ative explanations. Inasmuch as a considerable number | 


" 
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subjects appear in more than one group, it is possible to do so. 
If our first interpretation is correct, several of the groups must 
logically contain the same subjects. Further study of the 
data was therefore made in order to determine the extent to 
which the groups are composed of the same subjects. This 
is summarized in Table IV. 


TABLE IV 
Extent To Wuicg GROUPS ARE COMPOSED or THE SAME SUBJECTS 
Group Group Etc | ric | cix п 

7 C<G 8 її ї 20 

4 Е<С 8 С=С 8 18 I 27 
9 G<C I 4 o 5 

7 C<G 5 13 І 19 

5 F=G 8 C=G 5 54 її 70 
9 G«C о 12 5 17 

7 C«G 2 I 6 

6 G«F 8 C=G o i 5 25 
9 G«C o 4 It 15 

P 29 19775 36 202 


Inspection of this table reveals that if an individual has 
consistently higher (or lower) scores in series G as compared 
"with a second series, he is much more likely to have higher 
(or lower) scores in series G as compared with a third than 
vice versa. Further discussion, therefore, will be limited to 
a consideration of those individuals who have consistently 
higher (or lower) scores in series G as compared with two 
(G being equal to the third) or all three of the other series. 
The individuals are included in Table V. 

The subjects common to groups I, 5, and 7 apparently 
are superior in the use of vision, while those common to groups 
2, 4, and 7 are superior in vocality. These subjects use one 
rote cue more effectively than another. In groups 1, 4, and 
8, the presence of two rote cues is apparently dias dne for 
these subjects use either one alone more effectively than the 
two rote cues together. The subjects common to groups 1, 
4, and 7 apparently use vision, vocality, and the combination 
of these two cues with facility. The thirty-two subjects in 
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TABLE V 


Numper or Susjkecrs Мно Have CowsrsrENTLY HIGHER (or Lower) Scores IN 
. Seres G as Comparep WITH Two or THREE OTHER SERIES 


А 1 1 tii 
errors Comparison п | Subjects Relatively Superior in the Use of 
1,5,7 E«G F=G C«G|s| Vision 
2,4,7 E-G F«G С<6 |11| Vocality 
1, 4,8 E<G F<G С=С | 8| Either vision or vocality alone 
1,4,7 E<G F<G С<С | 8| Vision and vocality alone or together 
n 32| Rote memory 1 
3,5,9 G<E G=F G«C| 5| Meaning ' 
2, 6,9 G=E G<F G«C| 4| Meaning 
3, 6,8 G<E G<F С=С | 5| Meaning 
3, 6,9 G<E G<F G«C|:ir| Meaning 
n 25| Logical memory 


these groups consistently make use of rote cues rather than 
meaning. On the other hand, the twenty-five subjects com- i 
mon to groups 3, б, 9, and 3, 5, 9, and 2, б, 9, and 3, 6, 8, are 
consistently superior in series G as compared with two or. 
three remaining series. While these groups differ in respect 
to which they are superior, they all indicate a consistent use 
of meaning or logical memory. Since this interpretation is 
consistent with that first made, we can disregard the alter- 
native interpretations given. pir i 
To sum up briefly, series of visual recognition tests of 
words favoring the use of rote memory (i.¢., vision, vocality, 
and vision and vocality combined), and the use of logical 
memory (i.¢., meaning), were given to 202 subjects. A con- 
Siderable number of subjects was found to be consistently 
superior (or inferior) in the meaning series as contrasted with 
Опе of the rote series. Some of these subjects are consistently 
superior (or inferior) in the meaning series as contrasted with — 
two rote series. Others are consistently superior (or inferior) |. 
in the meaning series as compared with all three rote series. 
From this it follows that there are individual differences in 
ability to utilize rote and logical memory, and therefore that |. 
Técognition memory involves at least a rote and a logic 
component. è ; 
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BILATERAL DIFFERENCES IN BRAIN POTENTIALS 
FROM THE TWO CEREBRAL HEMISPHERES 
IN RELATION TO LATERALITY AND 
STUTTERING : 
BY DONALD B. LINDSLEY 
Emma Pendleton Bradley Home and Brown University 


The relationship of the two cerebral hemispheres in the 
control of such complex processes as speaking, reading, and 
writing and in the possible determination and maintenance of 
laterality of certain motor functions has long been a problem. 

* Theories postulating a ‘master’ or ‘dominant’ hemisphere as 
a unifying principle of control have arisen largely on the basis 
of clinical evidence in connection with the interference or 
abolition of the speech function by cortical lesions in the ms 
so-called ‘dominant’ hemisphere. Other evidence of an in i7 
3 direct kind has come from studies which have shown an asso- 
ciation between ambidexterity or mixed laterality and dis- 
i orders of speech, reading, and writing. No direct anatomical, ` 
histological, or physiological evidence has differentiated the 
two cerebral hemispheres so far as the unification and integra- 
tion of their activities in terms of a dominant hemisphere is 
„concerned: 
One of the earliest studies of cerebral action potentials i 
- made in this country was a study by Travis and Dorsey (6) _ 
comparing the electrical activities of various homologous areas 
in the two cerebral hemispheres of the rat. They found | 
similar patterns of activity in bilaterally homologous areas 
but a higher degree of synchronism of the potential changes 
am the motor regions of the two sides than in the occipital or 
auditory areas. Travis and Knott (7) studied brain poten- 
tials in normal and stuttering subjects and found small but. 
significant differences in the frequency and amplitude of the 
alpha waves during silence and speech, but no observations on 


bilateral differences in the two hemispheres were reported. 
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A recent brain potential study by Raney (5) comparing 
the bilateral electroencephalograms of identical twins in rela- 
tion to laterality functions showed a greater percentage and 
amplitude of alpha wave activity on the non-dominant side 
ofthe head. He interpreted this as indicating that the non- 
dominant side is less activated or less excitable than the 
dominant side. He suggested that lateral dominance may 
be related to the cortical excitatory state of the two cerebral 
hemispheres. 

In a previous report (4) I called attention to the tendency 
for bilaterally recorded occipital alpha waves to be in phase 
or synchronized. This was true even in very young infants. 
There were, however, in most records some indications of 
asynchronization of the activity of the two hemispheres. 
These observations led to the present study of bilateral differ- 


ences in the simultaneously recorded electrical activity of the 


two cerebral hemispheres in relation to laterality and stutter- 
ing. The two factors selected for study were the phase rela- 
tionship of the alpha waves and the amount of unilateral 
blocking of the alpha rhythm on the two sides of the head. 


SUBJECTS 


‘The subjects for this study were 65 normal children ranging in age from 5 to 16 Я 


“years and two male adult stutterers. Of the children 48 were righthanded, 8 left 
handed and 9 ambidextrous on the basis of a laterality index consisting of questions 
concerning the following unilateral activities: eating, writing, throwing, batting, 
‘combing hair, brushing teeth, sewing, reaching, cutting with scissors, hammering and 


shooting. Each child was asked to demonstrate how he did these things and was” 


asked to try to think of any activities in which he did not use the generally preferred 
hand consistently. Only those who showed a completely right or left hand preference 
were classified in these groups, whereas the ambidextrous group consisted of individuals 
whose hand preference was definitely mixed. Eyedness or ocular preference was 


` determined by five trials with the Miles V-Scope. Only those who showed a consistent 


performance in all trials were classified as right or left eyed. 


Of the two stutterers, subject A was 25 years of age and had a marked stuttering 
defect consisting of tonic and clonic spasms both with and without speech. He 


tepeated initial letters and syllables and sometimes whole words or parts of sentences, # 


but the most outstanding thing was the frequent occurrence of complete blocks of 
the tonic type, ‘Usually during the blocks there was no sound production except the 
occasional interjection and prolongation of an *m sound. This was often followed 
by a slight clicking sound made with the tongue which apparently served as a dis- 
trattion mechanism. Subject B was 23 years of age. His stuttering was much 
less severe and consisted chiefly of the repetition of initial letters and frequent mo- 


» 
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+ mentary blocking during which an ‘ah? sound was often introduced. Occasionally — 
there were long blocks during which no sound was uttered. Both subjects slowed _ 
some degree of mixed laterality. 


x Kr 


APPARATUS AND, PROCEDURE i i 


Details of the apparatus and procedure are given in an earlier publication (4). 
Briefly, the amplifying and recording system consisted of two matched and independent 
_ amplifiers of suitable characteristics and a Westinghouse type PA oscillograph. All 
recording was on photographic paper, usually driven at a speed of 8 cm or more per 
second. Except for the more recent experiments in which small, silver chlorided, 
- ‘silver hat electrodes were attached to the head by means of collodion, the electrodes 
used during the major part of the study consisted of small gold discs sunk in bakelite 
blocks and filled with an electrode jelly. These were attached to the head by means 
of bandages. 

» For the occipital records a pair of electrodes was placed over each occipital région 
in symmetrical positions. The bipolar recording method was followed and the elec- 
trodes of each pair were 5 cm apart in a line parallel with, but 5 cm lateral to the 
© mid-line. The most anterior electrode was just behind the parieto-occipital fossa. 
In recording from the motor speech area of the stutterers the electrodes were 5 cm 
apart but along the line of the central sulcus on the lateral surface of the head. 
Chiene's method (3) for determining the relationship between cranio-cerebral to- 
pography was used for calculating the approximate position of the motor speech area. 

During the recording the subjects sat comfortably and quietly in a dark and 
relatively sound-proof room with eyes open. А series of records was taken at random 
4 intervals during a 15 to 30 minute period after the subject had become adapted to | 

. the situation. In the case of the stutterers records were obtained during silence 
_ (sitting quietly at rest) and during speech which was picked up by a microphone and 
_ tecorded on a separate voice line of the oscillograph record. The voice line was later , 

labelled with the exact speech sounds produced, either from shorthand notes or a 
dictaphone record simultaneously obtained. This made possible the correlation of 
the brain potential record with the simultaneously recorded speech record and per- 

" june the identification of the periods of blocking and stuttering speech. In some ШЙ m 
records no attempt was made to record the speech, but the stuttering periods were NE 
"signalled by an observer. "The signal in such cases was a condenser discharge appearing ^ и 
as a sharp spike-like deflection on either the time or voice line. " : 
Я Analysis: of Records.—The phase relationship of the alpha waves in the records 
from the two hemispheres was determined by placing a celluloid ruler at right angles 
to the edge of the recording paper and comparing the peak of a wave in the lower 
Tecord from the right side of the head with the wave directly above it from the other 
Side of the head. If the peak of the wave below deviated to the right or left of the ~ 
Peak of the wave above by more than half of the duration from peak to trough of the 1 
upper wave the relationship. was considered asynchronous or out of phase. The 
Percent of waves in the total record in which asynchronous relationships obtained was 
determined, t 

Unilateral blocking was defined as the. absence of alpha waves on either side. of 
- the head while the rhythm on the other side was distinctly present. If blocking \ 
9ccurred simultaneously in both hemispheres, as it frequently does during stimulation 
_ ОТ Spontaneous remissions, it was not included in the percent of unilateral blocking 


" x д TARI 
for the right and left sides of the head. Thus in this respect the amount of unilateral 
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blocking is a distinctly different measure from one which takes into account the total * 
percent of time that an alpha rhythm is present or absent. 

Examples of out-of-phase relationships between the alpha waves of the two 
hemispheres as well as occasional periods of unilateral blocking are indicated in Fig. 1 
which shows simultaneous bilateral occipital records from four normal subjects. 


Fic, t. Records of brain potentials simultaneously recorded from the right 
(lower line) and left occipital region’ of four normal subjects showing alpha waves 
out of phase in the two hemispheres at points marked (0) and unilateral blocking of 
the alpha rhythm marked (B). Time is shown in seconds at the bottom of each record. 


REsu.ts 
Phase Relationship and Laterality—The mean percent of 


ү out-of-phase relationships between the alpha waves of the 


My 


right and left occipital regions in lefthanded, righthanded, 


‘and ambidextrous subjects are shown in Table I. Also given 


in this table are the data for the right and lefthanded groups 
when further sub-divided on the basis of eyedness. The mean 


Percent of out-of-phase relationships for the righthanded group 


(11.8 percent) is less than for either the lefthanded (16.3 per- 
cent) or the ambidextrous (22.3 percent) groups. As will be 
noted from the critical ratios and the chances in 100 that the 
true difference is greater than zero, only the difference be- 
tween the righthanded and ambidextrous groups is highly 
significant. However, when the mean of the tighthanded- 
right eyed group (8.6 percent) is compared with the means for 
the ambidextrous (22.3 percent) and the lefthanded-right eyed: 
(16.9. percent) groups the significance of all differences is 
increased. j 

In general then it may be said that there is less asynchro- 
nous activity in the two cerebral hemispheres in individuals 
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TABLE I t 


Percent or Waves Our or PHASE IN THE Two CEREBRAL HEMISPHERES 


Significance of Mean Diff. 

Laterality SED мын SD. 

Subj. Percent s 

Lefthanded....... 8 16.5 733 
Righthanded. ..... 48 11.8 6.48 
Ambidextrous. . .. . 9 22.3 7-63 
Right-right Eyed . - 37 8.6 8.22 
Left-right Eyed ..- 7 16.9 7.62 


PERCENT оғ UNILATERAL BLOCKING IN THE Two CEREBRAL HEMISPHERES 


Significance of Mean Diff, 
Laterality 509; бэк SD. Chances ў 
CR. in roo 
Lefthanded....... 8 3.6 2.20 
1.14 87.2 
Righthanded...... 45 2.2 2.31 
0.36 64.0 
Ambidextrous. . .. . 8 2.7 3.22 
0.48 68.4 
Right-right Eyed . . 37 2.0 3-40 = 
1.63 94.8 
Left-right Eyed ..- 7 3.9 2.27 


who show a high degree of laterality than in those who lack 
a definite and complete laterality. The possible implications 
of these results will be taken up in the discussion after data 
from the stutterers have been presented. 

Unilateral Blocking of Alpha Waves and Laterality.—For 
the righthanded group the mean percent of unilateral blocking * 
on the left (1.3 percent) was slightly greater than on the right — 
(0.9 percent), while for the lefthanded group the blocking was 
slightly greater on the right (1.9 percent) than on the left 
(1.7 percent). The differences in the percent of blocking on 
the two sides of the head in these two groups are not signifi- 
cant. Although in most individuals the blocking tended to be: 
confined to one hemisphere, it was found that the nuniber of 
individuals showing more blocking on the right or more on 4 
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the left was about equal in both groups. Thus the differ- 
ences in the amount of unilateral blocking on the two sides 
of the head are not great enough to be of value in differen- 
tiating the two hemispheres in relation to laterality. 

'The total amount of blocking that occurs in both hemi- 
spheres in the various groups is shown in Table I. From the 
critical ratios it will be observed that the differences between 
the groups are not significant. However, in agreement with 
the data on phase relationships, the righthanded group shows 
the least blocking. A rank difference correlation between the 
total amount of unilateral blocking and the degree of asyn- 
chronism for the entire group of subjects showed a low posi- 
tive correlation of 0.28, but for a few individuals who showed 
a high degree of asynchronism there was also a fairly high 
degree of blocking. 

Phase Relationships and Unilateral Blocking in Stutterers.— 
The alpha rhythm in the occipital regions of both stutterers 
was very rhythmic and regular and almost continuous which 
made determinations of phase relationship and unilateral 
blocking highly reliable. Because of the greater irregularity 
of motor area records they were somewhat less reliable. Four 
series of experiments were carried out with subject A during 
a period of two months and each time the results were very 
consistent. Subject B was studied during only one experi- 
mental session. 

The results of the analysis of the records obtained during 
all periods of study are shown in Table II. The mean per- 
cent of out-of-phase relationships for all control periods with- 
out speech for subject A was 22.2 percent in the occipital 
region and 20.5 percent in the motor speech area. Although 
during propositional and repetitive speech these values 
dropped slightly in both regions the changes from silence to 
speech were not significant. The mean percent of asynchro- 
nism for subject B during the control period was 16.6 percent 
in the occipital and 23.1 percent in the motor speech area. 
During propositional speech there was no significant change 
in these values. In general then it may be said that there 

` is no significant or consistent change in the out-of-phase rela- 
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TABLE II 
à Percent Out Percent of Unilateral Blocking . 
of Phase " х 
Occipital ў Motor 


Occipital] Motor 
Region | Region 


Right Left Total | Right | Left | Total 


Subject A 
Control: 4 
No speech. ...| 22.2 | 20.5 оо 1.3 13 оо 78 |.78 


Proposition 
19.9 14-9 33 6.5 9.9 1.8 16.3 | 18.1 


speech. . .. ..- 16.6 0.7 7. 8.1 
Subject B. 1 
Control: 
No speech....| 16.6 | 23.1 2.9 0.7 3.6 6.9 0.9 78 
Propositional 
speech. ...... 19.2 24.4 2.5 0.0 2.5 9.8 2.5 123 


tionships during silence and speech in these two stutterers. 
It is important to note, however, that the percent of asyn- ` 
chronism in occipital and motor regions for both subjects is 
quite high and approaches the mean value reported for the 
ambidextrous group of children. 4 
It is interesting to note that during silence unilateral 
blocking occurred only in the left hemisphere of subject A, 
being 1.3 percent in the occipital region and 7.8 percent in 
the motor speech area. During propositional and repetitive 


Sp 


" speech the amount of blocking in both occipital and motor 
7 speech areas increased markedly, and again the blocking was 
i chiefly confined to the left hemisphere. Subject B on the 
| other hand showed blocking mainly in the right hemisphere. _ 
t 


During propositional speech the blocking again predominated 
on the right and was increased in the motor speech area but 
not in the occipital region. 


& i These results may be summarized as follows: In both sub- 
c jects there is some evidence of ambilaterality and in both a 
» fairly high degree of asynchronism of the alpha waves of the. 


" two hemispheres. There was no consistent change in the 
amount of asynchronism during periods of silence and speech, 
but in both subjects the amount of unilateral blocking was 
increased during speech, particularly in the motor speech * - 
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areas. It is perhaps significant that the blocking in both 
stutterers is chiefly confined to opposite hemispheres, but the 
possible relationship of this differentiation to laterality cannot 
be demonstrated at present. 

Perhaps more important for our consideration here is the 
association of phase reversals and unilateral blocking in the 
two hemispheres of the stutterers with actual stuttering 
spasms or blocks. Sample records of the bilaterally recorded 
occipital alpha rhythms in subject A during silence and 
speech are shown in Fig. 2. Record A was obtained during 
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> Fic. 2. Simultaneously recorded brain potentials from right and left occipital 
regions of a stuttering subject during silence (record 4) and during propositional 
speech (records B to H). Stuttering episodes marked S. See text for explanation. 


a control period of silence and shows the rhythmic alpha 
waves from the two hemispheres. The waves are completely 
out of phase during the first second but thereafter are per- 
fectly synchronized until abolished by a light stimulus. Вес- 
ords B to H show the bilateral occipital alpha rhythms during 
propositional speech. Stuttering spasms or blocks were sig- 
nalled by an observer and are marked under each record by 
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LJ 

the letter S. Usually just prior to each of the marked stutter- _ 
ing periods there is an interval during which the alpha waves 
of the two hemispheres are completely reversed in phase. 
Also during or just prior to some of the stuttering spasms 
there are unilateral blocks of the alpha rhythm. Oneofthese | 
unilateral blocks occurs in the left hemisphere (upper line) 
of record C and another in the right hemisphere (lower line) 
of record G when unaccompanied by stuttering signals. This 
may mean that no speech was in progress at the moment or 
that the observer was unable to distinguish or record all 
A speech blocks. In record H there is a prolonged blocking of 

the alpha rhythm in both hemispheres which occurred during 
a prolonged stuttering block as is shown by the three series of 
signals marked on the time line. 

More sample records are shown in Fig. 3. Record A 
during a, control period without speech shows the waves 
mainly synchronized but occasionally getting out of phase. 
In record B the subject was asked to say ‘father’ immediately 
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Fic. 3. Bilateral occipital brain potentials in а stutterer during a control period 
without speech (4), during repetitive speech upon signal or command (B to E), and. 
during propositional speech (F and G). See text for explanation of phase reversals 3 
and blocking. $ 
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upon hearing a weak buzzer signal. After the usual tongue 
clicking habit indicated by a brief deflection of the voice line 


and underlined by a dash, the word ‘father’ was said without ; 


difficulty and it will be noted that the alpha waves are per- 
fectly in phase throughout and show no evidence of blocking. 

In record C the subject had some difficulty producing the 
word ‘father’ after a signal and it will be noted that imme- 
diately after the signal the waves in the two hemispheres 
were reversed in phase. ‘Black barn’ was produced in record 
D without difficulty and there is no evidence of reversals of 
phase or unilateral blocking. In record E the subject was 
asked to say “I am hot." Аз indicated by the voice line the 
first two words came easily enough and were accompanied 
by synchronous brain waves but there was a distinct delay 
and blocking in producing the word *hot During the block- 
ing interval the subject made an ‘m’ sound and clicked his 
tongue (indicated by dash). At the approximate time during 
the blocking period when the word ‘hot’ should have been 
produced for continuity of speech the alpha waves were re- 
versed in phase and partially blocked on the left. In records 
F and G during propositional speech the stuttering periods 
are marked by the letter S, and preceding each of these 
periods it will be noted that there are either complete rever- 


_sals in phase, unilateral blocking or both. 


Figure 4 shows still more samples from the right and left 
occipital areas. Record A was obtained during a control 
period without speech. Records B and C were obtained while 
the subject was trying to say “The weather is becoming very 
hot." The speech was picked up by a microphone and re- 
corded on the voice line; the voice line deflections were then 
labelled with the exact sound productions. Throughout these 
two records the subject was blocking and repeating. Asso- 
ciated with these periods are intervals of reversal of phase 
and very obvious periods of unilateral blocking, particularly 
in the left occipital record. In the first part of record D the 
subject was asked to repeat over and over the words ‘one- 
two,’ an automatic repetitive type of speech. Above the 
second ‘one-two,’ the waves are reversed in phase and a block 
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occurs in the left hemisphere. Immediately following this 
and apparently as a consequence of it the next ‘one’ was 
blocked and repeated. In the latter part of D the subject 
* was asked to continue the progression, ‘one-two-one, one-two- 
two, one-two-three,’ etc., which he did successfully without 
blocking or phase reversals of the brain potential records until 
the end of E where he blocked and repeated ‘six’ and where 
a distinct left unilateral blocking of the alpha rhythm occurred 
with also some phase reversals. 


“THE WEAH ER IS BECOMNG VERY нот. 


Fic. 4. Right and left occipital brain potentials in а stutterer during silence (4) 
and during speech (B to E) in which stuttering repetitions and blocks occur. See 
text for description. 


Finally Fig. 5 shows records of bilateral occipital electro- 
encephalograms (A to D) and bilateral motor speech area 
records (E and F), Records A and B are during propositional 
speech. “Preceding the stuttering signal (S) in record A the 
waves were reversed in phase; in record B there was a block | 
in the left occipital region and the waves were reversed in 
phase preceding the stuttering signal. The subject said, “І 
see a brown bear” during record C without difficulty and 
there are no evidences of phase reversal or blocking. In the 
last half of record C and in record D the subject responded 
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to a question concerning the color of his mother's hair. His 
answer was given with considerable difficulty and blocking as 
is evidenced by the labelled voice record. During the periods 
of greatest delay and blocking in the speech there were fre- 
quent ,phase reversals and partial blocking of the alpha 
rhythm particularly in the left occipital record. Records 
from the right and left motor speech areas are shown in E 
and Е. The first half of E was during a control period with- 
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Fic. 5. Records 4 to D from bilateral occipital regions in'a stuttering subject. 
Records E and F from motor speech areas. ` See text for description of records. 


out speech, the last half of E and record F during proposi- 
tional speech in which only one stuttering period was signalled. 
Because of the greater irregularity of motor area records the 
asynchronous and blocking intervals are more difficult to 
observe. 

In summary it may be said that practically all of the sig- 
nalled or recorded stuttering episodes in which a blocking of 
speech was involved were accompanied by unilateral blocking 
(sometimes bilateral blocking) or phase reversals of the alpha 
rhythm in the occipital and motor speech regions. 


Discussion 
The results reported here indicate that there is a higher 
degree of asynchronism of alpha waves in the occipital regions 
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of the two cerebral hemispheres in individuals with mixed or 
indefinite laterality than in those who show a complete (¢.g., i 
righthanded and right eyed) laterality. The results also show < 
that in two stutterers there was a degree of asynchronism of 
alpha waves in the two hemispheres comparable to thatofthe . 
ambidextrous or mixed laterality groups. An examination 
of the brain potential records of the stutterers has revealed a 
consistent association of bilaterally asynchronous alpha waves. 
(in both occipital and motor regions) with stuttering periods. a 
This suggests that the existence of out-of-phase relationships 
of the alpha waves in the two cerebral hemispheres may inter- 
fere with the formulation and expression of speech, and that | 
the incidence of such interference is apt to be greater in those. 
individuals who lack definite and complete laterality. 
Another factor, the amount of unilateral blocking of the 
alpha rhythm in one hemisphere or the other, seems also to 
be related to stuttering episodes. Unilateral blocking of the li 
alpha waves was slightly greater in the groups lacking later- | 
ality but the difference in the amount of blocking in the two | 
hemispheres was not sufficiently significant to differentiate | 
them in terms of laterality. However, in both stutterers uni- & | 
lateral blocking, which was significantly increased during ° 
speech, was chiefly and consistently confined to one hemi- A 
sphere, although on the right in one and the left in the other | 


stutterer. ^ 

The most that can be said at present concerning these ' 
"findings is that both the asynchronism of alpha waves in the | 
two cerebral hemispheres and the unilateral blocking of the 
alpha waves in one or possibly both of the hemispheres are — 
related to stuttering and that the asynchronism and possibly |. 
the unilateral blocking are related to ambidexterity or the 
lack of a definitely expressed laterality of motor function. 

It is not entirely clear what causes the conditions of asyn- 
chronism or blocking or just how they are related to stuttering 
and the lack of laterality. However, so far as stuttering is 
concerned it seems reasonable to suggest the following hy-.. 
pothesis. In order for bilaterally paired speech muscles to 
work together in a synchronous manner to produce well regu- | 
lated speech sounds, motor impulses from the respective con- — | 
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" & 
tralateral hemispheres must reach them almost simultane- 
ously. Therefore, the impulses must arise simultaneously in 
the motor areas involved. This necessitates a common state 
of readiness to respond or a common level of excitability in 
the motor areas of the two hemispheres. If one considers 
that the successive peaks and troughs of alpha waves from a 
particular region of the cortex represent alternations in the 
excitatory state of the cortex or its susceptibility to excitation 
(as has been suggested by Bishop (1)) then asynchronism of 
the alpha waves in bilaterally homologous regions of the cor- 
tex implies that impulses cannot arise simultaneously in these 
regions. This would also apply to the regions of the cortex 
(visual and auditory) involved in preliminary states of organi- 
zation of speech patterns as well as to the motor speech areas, 

_ for such patterns must be transmitted to the final common 
outlet in the motor speech areas. — . 

Finally, there is some evidence (2) (1) that the alpha 
rhythms of the cortex are controlled or regulated by means of 

* ‘loop circuits’ extending from the thalamus to the cortex. 
"Thus it may be that bilateral controlling centers in the thala- 

» mus are subject to the influence of sensory and emotional 
stimulation in relatively unequal ways which cause asynchro- 
nism and blocking of the alpha waves in the cortex, or perhaps 
the physiological state of homologous regions of the cortical 
.hemispheres differs in its response to subcortical timing or 
regulating influences. In any event the appearance of out- 
of-phase relationships or unilateral blocking implies that 
homologous areas of the two hemispheres cannot function 
synchronously. 

Although there are differences in the phase relationships 
of the two hemispheres and in the amount of unilateral block- 
ing, which appear to be related to stuttering and laterality, 
neither of these factors selectively differentiates the hemi- 
spheres in terms of ‘dominance.’ 


SuMMARY 


An analysis of brain potential records simultaneously ob- 
tained from the right and left occipital regions in 48 right- 
handed, 8 lefthanded and 9 ambidextrous children has re- 
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vealed that the alpha waves in the two hemispheres are out 
of phase a greater percent of the time in ambidextrous and 
lefthanded subjects than in righthanded subjects; also that 
there is less unilateral blocking in the righthanded group. 
Unilateral blocking was slightly greater in the left hemisphere 
for the righthanded group and in the right hemisphere for the 
lefthanded group but the differences were not significant 
enough to permit of differentiation between the hemispheres 
in terms of ‘dominance’ or laterality. 

The records from two stutterers showed a degree of asyn- 
chronism comparable to that of the ambidextrous or mixed 
laterality groups. The percent of asynchronism did not 
change consistently or significantly during speech. Unilat- 
eral blocking of the alpha waves was increased during speech. 
Preceding almost every recorded stuttering episode there were 
periods of asynchronism of the alpha waves in the two hemi- 
spheres (in both occipital and motor speech areas) as well as 
frequent periods of unilateral blocking of the alpha rhythm. 
This led to the conclusion that asynchronism and blocking of 
the alpha rhythm in the two cerebral hemispheres may inter- 
fere with the formulation and expression of speech. There- 
fore the higher degree of asynchronism and blocking in 
individuals lacking a definite and complete laterality is apt 
to make their spech more subject to interference. 


(Manuscript received August I, 1939) 
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STUDIES IN HIGH SPEED CONTINUOUS WORK: 
IV. MOTIVATION AND HEDONIC TONE 


BY B. R. PHILIP 
Queen’s University 


When work must be done continuously for some time at 
maximum possible speed there are a number of subjective 
factors which cause wide and rapid variations in efficiency. 
The term subjective factor is here rather loosely applied to 
those circumstances of the experiment which seem to arise 
from S himself; they are chiefly mental, though some, ¢.g., 
blocking and pain, may have a physical component. 

Thus, for instance, motivation is an important subjective 
factor. Unfortunately it changes considerably in the course 
of the performance, and often is relegated to a quasi-passive 
rôle in the background as a set that lasts to the end of the 
task. The hedonic tone, the amount of pleasantness or un- 
pleasantness felt during the performance, varies too; and 
while it is doubtful whether taken by and large it has any 
major effect on the performance of the task, it certainly is the 
source of minor, rapid fluctuations in efficiency. “The sub- 
jective side of fatigue (the feeling of tiredness), pain and 
blocking, irritate and discourage S and lower his hedonic tone 
and often his efficiency. 

So interlinked are all these components of the general sub- 
jective feeling that it is exceedingly difficult to partial out the 
effects of any one. Naturally the initial motivation—the set, | 
as it were, pitches the key for the hedonic tone, whose melody 
covers a range which is in part determined by S's success in 
the task, the actual discomfort experienced, and the freedom 
from distractions and variations in efficiency such as are 
occasioned by blocking. The social setting is of great impor- 
tance, but it has not’ been especially studied in this experi- 
ment. Rather than to attempt to single out the effect of any 
one factor it is much easier to ascertain in a rough way the 


total effects of all. In this paper we will deal with the sub- 
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jective factors that affect continuous work at high speeds, and 
specifically we will treat of motivation and hedonic tone, and 
in another paper, of feelings of tiredness, blocking and pain. 
Other papers have described the experiment and the task 
(т, 2). Suffice it to say that in experiment A, 12 Ss, and in 
experiment B, 2 Ss, worked for 6 hours or more at a tapping 
task; in the former case, with few or no interruptions, and 
in the second, with one minute rest every ten minutes. While 
Ss worked Es took their tapping rate every minute, jotted 
down all remarks and circumstances affecting the experiment, 
and in a number of cases called at stated intervals for a rating 
on a previously agreed hedonic scale. At the conclusion of 
the work period S wrote out a fairly lengthy introspective 
account of his feelings during the course of the experiment, 
sometimes using notes made by Es to guide him. The find- 
ings of this paper are based chiefly on Es’ notes and Ss’ intro- 
spective accounts as correlated with the tapping scores. 


MOTIVATION 


Competent Ss who are willing to undertake an experiment 
in continuous work are not easy to find, due to the length of 
time they must devote to the experiment and the monotony 
of the task. Often the only satisfactory way seems to be to 
hire Ss, and sometimes a system of bonusing is worked out 
to ensure continuous maximum effort, as was done by Phillips 
(3) and Flügel (4). Ss in the experiment here reported, 
though all unpaid volunteers, were nevertheless strongly moti- 
vated. The work was done as a project to which were as- 
signed a considerable part of the term marks in a senior course 
in psychology. Only those willing and eager to work till 
exhaustion set in were chosen, and they were informed that it 
would take from 6 to 7 hours’ work atleast. It was felt that 
the eagerness of Ss, their desire to make a good term mark, 
and the scientific spirit which they manifested would prove 
adequate to elicit maximum effort in an experiment Calling ' 
for courage and constancy. Preliminary experiments had 
given rise to the hope that careful selection might produce 
excellent Ss; certainly the results showed that this confidence | 
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was not misplaced. The author wishes to express his grati- 
tude to and admiration of Ss who in spite of monotony, actual 
physical pain and discomfort gave their best during the long 
hours of the experiment and coóperated in every possible 
way.! , 

‚ Actually there were other motives probably just as power- 
ful operating at the outset of the experiment; a keen spirit of 
rivalry, pride in one's endurance, curiosity to see whether one 
had the requisite fortitude, and the exhilaration of noting 
during the course of the experiment the increase of one's work- 
ing rate after long hours, played a large róle, as may be deter- 
mined from the introspective remarks of Ss. ' 

This experiment took place in a social setting: two Es in 
each group had already taken part as Ss or were going to do 
so. Besides, the author of this paper, the instructor of the 
course, was in almost constant attendance. It was impos- 
sible for brief intervals to avoid the presence of onlookers, 
whose obvious yet discreet admiration at the effort shown was 
conveyed to Ss. Whenever the minute readings declined near 
the predetermined basal rate, Es attempted by warnings and 
verbal encouragement to maintain S’s efficiency. No small 
motivation came from a knowledge of the results, which were 
sometimes given directly to Ss, or which at any rate, they 
became accustomed to judge with a surprising degree of 
accuracy. 

Towards the end of the working period another motivating 
force proved very strong indeed. When the working rate 
went below the predetermined basal rate Ss were given a rest. 
They soon found that this rest stiffened them considerably 
and that it required an extra amount of energy and deter- 
mination to resume the task—often it involved no small 
amount of physical pain. Rather than suffer these effects of 
an enforced rest Ss often struggled to avoid the rest by main- 
taining their efficiency. 

. The motivation was complex indeed, and of course varied 
from S to 5; but it was surprisingly strong. As the end 


1'The following students acted as Ss: Messrs, Allen, Cairns, Carson, Charyk, 


Cruickshank, Ewasiuk, Ferguson, Gaboury, Gogek, Hall, Kieryluk, Morgan, Thomp- 
son, Williams. 
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approached the prospect of relief seemed to be the most urgent _ 
of all motives, sufficient in nearly every case to evoke a long 


continued spurt. n 
j ЕД 
INTROSPECTIVE COMMENTS 


Excerpts from the comments of Ss will serve to substanti- 
ate the statements made in regard to the motivating factors. 
So. 
Ў Since І was the first of our group to take the task and had little ог no idea how 
it would effect me, I approached it with some apprehension. І felt determined however 
to prove to myself that I could maintain a high efficiency during the work. 

S6. ¥ 

I started the task with some inward doubt as to my ability to carry it to a suc- 
cessful conclusion. By successful conclusion I mean the continuance of performance 
until I had exceeded, or at least equalled, the endurance of my predecessors, and 
produced comparable results. 

57. 

Before beginning the test, I had very little hope of lasting much longer than an 
hour. According to my previous trial test of ten minutes, I had a maximum speed Ч 
of 214 taps рег min. This discouraged me somewhat. However with this and the 
idea that I must last six or seven hours I resolved to apply the acid test, so to speak. 
S3. - 

Just prior to the beginning of the test my mental attitude was one of determination. 
Motivations were twofold : 

т. Rewards— 
(a) Interest in the experiment itself, hoping that satisfactory results would be 
forthcoming. 
(b) Substantial prize of marks on term work. 
2. Personal satisfactions— 
(а) Hoping that I could ‘take it." 
(b) Hoping that I could keep up and do as well as my colleagues. 

I had already observed for two Ss, and was rather fed up with this task. The 
test, therefore, was somewhat welcomed, as a contrast to the monotony of observing. 

I believe that I am correct in saying that both previous Ss in our group (51 and 
$12) had experienced, in the test, an afternoon of suffering and a good deal of fatigue. 
In all, I was led to believe that I was in for an afternoon of torture. While I did not 
relish this prospect, nevertheless it was deemed expedient by myself to undergo the 
rigors of what might be a very unpleasant six or seven hours. In short, while I believed 
I was due for some suffering, I none the less entered the test with a good deal of de- 
termination, pledging to do my best, and hoping for some results that would justify 
the effort involved. 

58. 

Having weak eyes, the constant movement of my arm gave me а headache and 

Thad a good notion to end the ordeal, but since my co-workers thought that I could 


‚ not better their endurance record, I continued until I had bettered their record by at 


least five minutes. ‘This gave me a great satisfaction to see the disappointments in 
their faces, so I even beset them with an end spurt of over 300 taps. 
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Typical of the comments on the effects of social stimuli 
are the following: ' 


512. { 
gl noted the effect of social stimulus, perhaps caused by a desire to excel, or the 
natural feelings that come out in us due to good companionship. When told to speed 
up I invariably did a little better than I otherwise would have done. 

58. 

"Three times during the course of the experiment, students entered the psychology 
laboratory and tried to decipher what we were doing, This made me self-conscious, 
and I strived to increase the number of taps per min. and every time I succeeded in 
raising the level to away over 300 taps. 

S4. 

i A janitor entered to inquire how we had got in and left with the threat that he 
was going to make inquiries. During his presence I explained to him why we were 
there and before I turned my attention back to the tapping I had dropped, momen- 
tarily, to my lowest figure in the first four hours. Incensed at this and at the janitor 
I rose to a 220 tap level which was well maintained for two hours. Better work, the 
continued absence of any great fatigue effect both raised my spirits to a higher pitch 
and determined me to set a record for this kind of experiment. 


Heponic Tone 


During the experiment a favorable opportunity offered 
itself to determine whether the progress of the hedonic tone 
followed the same course as was observed by Thorndike (5), 
Poffenberger (6), and others. The work in this study was 
generally speaking of a more strenuous nature, causing con- 
siderable physiological fatigue, often involving not merely 
discomfort but real physical pain, and lasted longer, than 
most of the experiments on hedonic tone. As the work pro- 
gressed Es frequently demanded from $ a rating on a pre- . 
viously determined scale of degrees of pleasantness. Cog- 
nizance was taken of the difficulty described by previous 
workers, chiefly by Poffenberger (6), who wrote: “An evalua- 

` боп of feelings in this scale is subject to all the errors com- 
monly noted in such ratings, plus those which may be due to 
the elusive experiences which are to be rated. One cannot 
equate the meaning of ‘very tired’ among the different Ss, 
although there is reason for believing that the scale was a 
fairly constant one for any given S.” 

The scale used ranged from o to 10, with 5 the indifference 
point, and то, the point of maximum satisfaction. Scale - 

+ values were obtained from four working groups, and from 9 
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of the 14 Ss of Experiments A and B. Though the scale 
values varied somewhat from group to group they were fairly 
constant in their meaning within the group; probably they 
should be thought of as individual in character, and hence: 
only the trend of the values, rather than the absolute value, 
except as being above or below the indifference point, is of 
significance. "Table I gives the identity of S and the number 


TABLE I 


Ratincs or Heponic Tone 


s No. of Ratings созен Те. Average Rating 
2 24 15.0 5.1 
3 51 76 58 
4 26 16.2 5.3 
6 31 13.5 5.6 
8 31 13.5 6.1 
10 24 15.0 6.0 
12 63 57 24 
13 34 10.0 5.1 
14 34 10.0 5.2 


of ratings made, together with the average time between 
ratings. The relatively large number of ratings made by Ss 
3 and 12, who belonged to the same working group, necessi- 
tated taking an average for comparison purposes with the half 
hour working rates. The figure gives for $3 and S12, not 
only the average rating per half hour, but also the individual 
ratings. The half hour working rates are also recorded on 
the figure. 

Graphs of the hedonic rating and the working rate were 
made for all Ss, but are not all shown here. A continuous 
drop in hedonic tone, similar to that found by Poffenberger" 
and Thorndike, was shown by Ss 2, 4, 6 and 8; the graph of 
S6 shown in the figure is typical of these curves. Ss 10, 13 
and 14 varied in hedonic tone on both sides of the indifference 
point, and their deviations were as often as not in opposite 
directions. Their curves are not shown in the figure, but 
those of $3 and S12 are presented, as being of unusual nature. 

S12 suffered a good deal of pain during the experiment, . 
as he worked for hours under the handicap of a skinned finger 


and a tender and inflamed fore-arm. As a consequence during 
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most of the task his feelings were decidedly unpleasant. He 
_ enjoyed pleasant feelings for brief periods only;—at the be- 
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2 4 CITES 10 12 
Relationship between hedonic tone and output. Light line: hedonic tone ratings 
ав frequently given. Dotted line: hedonic tone ratings averaged per half hour. Heavy 
line: half hour averages of tapping rate. Ordinates at left: ratings on hedonic tone 


scale. Ordinates at right: number of taps per minute. Abscissæ: number of half 
hour periods. 


ginning before the pain was felt, towards the middle of the 
task when he was becoming endured to the pain, and when 
the end was approaching. To be noted are the violent oscilla- 
tions of his hedonic tone, which often changed abruptly within , 
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the five minutes which was the average time of his rating, - 


from 2 to 7 points on the scale. j 

On the other hand S3 had pleasant feelings during most 
of the experiment and only on few occasions chiefly at the 
outset did he feel really unpleasant. Yet he also suffered 
pain, though it was much milder in his case than was that of 
S12. The oscillations of hedonic tone in his case are slight,” 
and the tone rises continuously from the beginning, in spite 
of pain and fatigue. Two explanations may account for this: 
first, his delight at doing so well, at exceeding his companions 
and at suffering less than they did in spite of his slenderer 
physique; and, secondly, his interpretation of hedonic tone 
probably differed from that of the other Ss. While they were 
more prone to judge their feelings objectively, in the sense 
given by Phelan (7) and to focus their attention on the pain, 
discomfort and fatigue they experienced, his ratings were 
more subjective, and stressed the delight he was experiencing 
in his success. However it must be borne in mind that the 
other Ss also took from time to time a subjective viewpoint, 
but not as constantly nor to the same degree as he did. 

It is important to note that most of the Ss varied from 
the pattern of the hedonic tone given by Poffenberger and 
Thorndike. Robinson (8), basing his inferences on the work 
of Yochelson and others, claims that Thorndike has perhaps 
oversimplified the point, and certainly the figure here given 
confirms that view. The feelings of 4 Ss do fall almost con- 
tinuously from the beginning, that of one S rises from the 
very outset, and the remaining 4 Ss show a considerable 
variation in the course of their hedonic tone. 

A more striking divergence from the findings of most pre~ 
vious workers is the close correspondence between the output 
and the hedonic tone. When the half hour averages of both 
output and hedonic tone are plotted for all Ss, no matter 
what the pattern of their curve of feelings, it is seen that the 
hedonic tone is more prone to follow the course of the output 
than it is to diverge from it. Cf. Barmack (9). Ss 2,.4, 6, 
and 8 dropped slowly but steadily from the outset in both 


factors, although their course was quite irregular. $3 rose 
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steadily in hedonic tone, while his output showed hardly any 
decrement, in fact it rose for the first four hours. 

The long term concomitance between the two factors was 
unexpected and was not clearly felt by Ss themselves. They 
did however in general perceive that rapid changes in hedonic 
tone, chiefly as a result of brief periods of pain, cramping or 


“blocking, were accompanied by lower output; and freedom 


from such disturbing factors was accompanied by increased 
output, with consequent brighter and more encouraging feel- 
ings. When the tapping rates are correlated with the hedonic 
ratings for the precise minute when the latter are taken, the 
product moment values аге r = 0.91 + 0.02 for S3 and 
T = 0:31 + 0.08 for S12. "These Ss were the only ones from 
whom a sufficient number of ratings was obtained to yield 
reliable results. 

The discrepancy between the two correlation values is to 
be explained in part by the fact that S12 suffered so much 
that, when his tapping rate dropped close to the predeter- 
mined limit, the prospect of an approaching rest caused a 
marked rise in his hedonic tone in spite of his poor scores. 
As a consequence 6 of his 36 ratings taken under these circum- 
stances account for most of the discrepancy. On the other 
hand the correlation value of 0.91 is probably higher than 
normal, owing to the elation of $3 and the constancy of his 
tapping rate. 

The oscillations of hedonic tone when the individual 
ratings are plotted are not any greater than those of the output 
curve minute by minute, or even for five minute periods. 
Naturally the half hour averages of both output and hedonic 
rating are much more regular. 

Ratings frequently taken show marked fluctuations which 
contrast with the gradual trend of the half hour ratings. As 
was previously suggested a rating may have two components: 
one, subjective, which stresses the general feeling tone and 
attitude to the experiment and changes slowly, generally in 
the direction of increased boredom; the other, objective, is 
determined by the more fleeting factors, such as pain, cramp- 
ing, blocking, encouragement or discouragement at temporary 
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success or failure, and is prone to wide variations. Ratings 
rarely taken tend to give a cross section of the feelings of the 
whole period, and to yield a mean rating about which the 
short term ratings would have fluctuated. Frequent ratings 
tend to stress the hedonic tone of the moment, and hence to 
follow the oscillations of the rapidly varying objective factors. 
When several ratings are averaged these objective fluctuations 
are cancelled out, and the slower changing, more subjective 
feelings determine the rating. 


IxrRosPEcri0Ns oN Heponic Томе 


Typical comments are as follows: 
S2. 

At the beginning of the experiment my feelings stood at 8, and fell to 6 when 
early cramps and slight arm pains took the joy out of the game. These passed off 
to a certain degree and I became rather pleased with myself for holding a good speed 
and maintaining a smoothness of swing. After the first hour, my feelings sank almost 
to the indifference level when the experiment took on a more serious nature due to аў 
sore elbow. In the ten minute rest my feelings remained at about the same level. 
Starting into work again, a rather intense ache in my shoulder sent my feelings below 
the indifference point as I was cross and the recorder charged me with moaning and 
refusing to be amused. However I don’t think I was feeling quite as badly as painted. ] 
‘Then followed a nine minute rest period in which I felt indifferent. 

Continuing the tapping, I reached a stage where the movement was quite auto- 
matic, so I continued feeling indifferent. About 4.45, or after two and three-quarter 
hours of working, my shoulder began to ache, so my feeling curve goes down. For- 
getting my pains, I got into perfect rhythm and a good score made me feel better. 
After a short rest my feelings rose above the indifference point due to a high score, 
For the second half of this 40 min. run, pain caused my feelings to drop, even during 
a rest period. TAAN 

Getting back to the task, I continued to work steadily and my feelings remained 
slightly below the indifference point. After 53 hours work, due to my putting forth 
an extra effort, they dropped again and remained low until the end of the run was 
reached. 

"The curve on the hedonic scale should perhaps fluctuate to a greater degree but 
looking back I cannot recall thinking the experiment very foolish, or cursing, except 
when the stylus cut my hand or I became very irritated; but I must admit that my 
Rer was rather flat at the end of the six hour run. 

3. 

At no time did I particularly inqui 
out. I was not particularly interested in my readings; 
best, they did not concern me. . . . 

Blocking and pain occurred frequently in the first fifteen 
During this period I was quite irritable, felt rather unpleasan' 
of times. This mental attitude, I believe, may be attributed to the 


re as to my minute readings, as I tapped them 
as long as I was doing my 


t, and swore à number 


degree of pain * 


d 


minutes of the first run. — 


236 ў В. R. PHILIP 


and suffering due to the unusually rigorous effort to which I was subjecting my arm 
for the first time in quite a while. 

Towards the end of the first run, the absence of pain in my arm, together with 
an upkeep of a fairly good rate of speed made me believe that I could ‘take it.’ While 
Sr and S12 actually suffered, I felt fine; this tended to keep me mentally alert as a 
cheering note coursed through my mind. I felt rather more pleasant. During this 
period I believe that my average speed was higher than at any previous time. How- 
ever not to a great degree. . . . 

During this latter part of the first run whenever I spurted dull pain, not intense, 
resulted in my arm. This did not affect my general rate of speed. I believe the 
dullness of pain is due to both physical and mental adaptation to its presence (when 
spurting). Р 

I decided that the first run should be stopped at the end of 34 hours. I could 
have gone on indefinitely, as my arm felt fine at the time, at the general rate I was 
going. In fact as the run was nearing its close I did mot want to stop. 

So. 

I received several electric shocks from the apparatus as my hands were becoming 
quite moist and felt a sensation of utter disgust with the apparatus, the experiment 
and everything in general. The students working with me were amused and after a 
time I began to feel similarly and ceased to work under a strain. . . . 

I attempted to eat a piece of chocolate but got very little satisfaction from it. 

* My only feeling now was of resignation and I was extremely anxious to get the ехрегі- 
ment finished as soon as possible. I was rather tired and felt a bit concerned about 
getting a rest, causing me to insist on knowing when I was to stop. Finally I received 
the word and rested for about 11 minutes. I found myself stiffening up alarmingly 
and my forearm was quite swollen so that I hated to think of starting again. 

When the work was recommenced after the rest it was several minutes before 
my arm limbered up but though it felt stiff and was rather bothersome I recall a feeling 
of satisfaction. that it did not appreciably lower my speed. My arm continued to 

` bother me and caused me frequently to shift my position, but I felt now that I was 
on the home stretch and could stand almost anything. The time seemed to go swiftly 
up to the last half hour when I found myself counting the minutes as they were recorded 
and estimating the number still to go. I felt that I could go for a much longer time 
ibut that I certainly didn’t want to. I had not missed my supper up to this time at 
all but now I began to think of it and was impatient to finish. The last three quarters 
of an hour were pure misery, not because I felt tired but because my forearm had 
swollen and pain kept me from rising to any high speeds. This last period of work 
dragged much more slowly than any of the others and I received the word to stop 
with a great deal of relief. 


$13. 

Thefeeling of pleasantness or unpleasantness is apparently connected with physical 
condition and with the speed and efficiency of the tapping; in fact all three aspects 
seem to be interrelated. However during the first part of the experiment, although 
I realized the relationship between muscular aches and cramps and the accompanying 
work decrement, hedonic tone seemed to be more or less an isolated factor. For 
instance, about the four and one-half hour mark, when I was weary all over, feeling 
reached its maximum in half an hour and then gradually subsided into a state of 
indifference wherein I felt neither pleasant nor unpleasant. The maximum degree of 

unpleasantness, although it practically approached actual nausea, seemed to have 
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little effect on my rate of tapping which averaged 251.6 per minute, during that 
particular period of continuous work. The feeling of pleasantness was greater after 
about two and a half hours’ work at which time the average speed was also highest, 
being approximately 275 taps per minute. A number of friends who were present at 
different times in this period increased this feeling of pleasure, and probably the fact 
that they were looking on stimulated me to a greater effort. It seems to me that 
an association between hedonic tone and speed was sufficiently below or above my 
average speed for me to be conscious of the fact, and accordingly depressed or cheered 
byit...- 

As the experiment approached its conclusion a feeling which can better be described 
as ‘dull relief? rather than as pleasantness came into existence. Following the experi- 
ment came a kind of emotional let-down, which persisted in the form of a heavy sense 
of depression (not altogether explainable by the pain which my arm was giving me), 
which lasted over an hour. This was probably due in part to the unusual state of 
fatigue. . . . 

‘The habitual eating period was purposely neglected for an hour in my case, and 
seemed to have the effect of increasing rather than of decreasing my speed... . 

When my mouth was dry, a drink of water seemed to result in a temporary 
increment, but at no time did I feel any desire to partake of food, the very thought 
being almost distasteful to me. I believe that any increment that resulted from. 
drinking water was due to the feeling of greater pleasantness which followed it, than 
to any physical factors connected with the quenching of thirst. . . , 


(Manuscript received July 17, 1939) 
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SEMANTIC CONDITIONING INVOLVING THE 
GALVANIC SKIN REFLEX 
BY BERNARD F. RIESS 
Hunter College of the City of New York 


In a recent issue of Science, Razran ! described the appli- 
cation of his salivary conditioning technique to the field of. — 
semantics. He reported success in transferring conditioned _ 
salivation from four words to a homophone and to a synonym Er 
for each of the original stimuli. In concluding the article, .— 
Razran mentioned the possibility of employing the galvanic 4 
skin reflex (GSR) as a substitute for the salivary technique. | 
The present paper reports an initial investigation in which the | 
words used by Razran formed the basis for a transferred 
conditioned response involving involuntary changes in skin 
resistance. s 

The GSR's were obtained by means of an instrument de- 
vised by F. C. Thorne in which a bucking circuit is employed ~ 
to measure the changes in resistance of the subject. The 
amplitude of the reflex is measured in terms of microamperes. — 
Metal electrodes were inserted in beakers filled with water 
into which the forefinger and the second digit of the subject’s 
left hand were thrust. The fingers were wrapped in scotch 
cellulose tape for a predetermined distance in order to equalize — 
the amount of skin exposed and to prevent shifts in resistance 3 
due to up and down movements of the fingers in the electro- _ 
lyte. The stimulus words were typewritten on library cards .— 
and presented manually to the subject who was seated in à _ 
position from which the face of the instrument was not visible. 
Each card was exposed for five seconds during which the 
experimenter recorded the amplitude of the galvanic skin 


y 


The actual procedure consisted of three steps. In the - 
first, each subject was presented with 50 stimulus words, ex- 

1 Raznax, С. H. S., A quantitative study of meaning by a conditioned salivary 
technique (semantic conditioning). Science, 1939, 90, . о} 
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posed seriatim. ОҒ these words, four were later to be condi- 
tioned to the sound of a loud buzzer. A homophone and a 
synonym for each of the four major stimuli was included in 
the list. The GSR’s for each word were recorded. The pur- 
pose behind this step was to determine the extent of the 
reaction to the words prior to the conditioning process. 

At the next experimental session, the combination of 
buzzer and stimulus-word was begun. Each subject was pre- 
sented with the reinforced stimulus for four trials during each 
session. At the end of each day's trials, one presentation of 
the stimulus-word alone was made to determine whether con- 
ditioning had taken place. Experimentation continued until 
the stimulus-word alone produced a GSR of at least three 
times the amplitude of the reaction prior to conditioning, on 
three out of four successive trials. 

Immediately following upon the attainment of the cri- 
terion, the homophone and the synonym for each conditioned 
word were presented five times each in random order. The 
GSR's for these trials were then averaged for each type of 
word separately. "Table I gives the results for all the subjects 
tested. Тһе number of subjects varies from one set of words 
to another because some dropped out as a result of the pres- 
sure of college work. "The subjects were students at Hunter. 
College, all women and in the senior and junior years. None 
was familiar with the instrument used nor aware of the pur- 
pose of the experiment. л 

All GSR’s in the table are expressed іп microamperes. 
Each entry in the post-conditioning column represents the- 
mean of four determinations for each of the subjects in the 
various parts of the experiment. That is, in the first group 
of words, each entry represents the mean.of sixteen observa- 
tions and in the second group, of 24 determinations. 

Despite the small number of subjects and the variation 
from one set of words to another, several conclusions seem 
tenable. The galvanic skin reflex proved amenable to verbal 
conditioning. Furthermore, with the exception of the first 
group of words, there is evidence of transference. As in the 
case of Razran's experiment, the carry-over to the synonym 
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“TABLE I 


Gatvanic Skin RrrLexes Conprtionep To Four Worps лхо TO A Homornons 
t AND Synonym For EacH 


ined 
Words ез ERs” from conditioning 
Style 4 30 633% 
stile j 15 33 
fashion 60 33 
Freeze 6 75 220 
frieze 25 140 
chill 80 190 
Surf 7 тоо 25$ 
serf 45 76 
wave 4 55 147 
Um 9 125 460 276 
earn 135 310 129 
vase go 265 194 


Mean gain in percentages for each type of word 
Stimulus words. . . Gc; 

homophones: . 
synonyms.. 


All GSR’s are given in terms of microamperes. 


was consistently greater than to the homophone. In both 
experiments, then, transposal of a conditioned reaction is 
easier when the verbal stimuli are meaningfully linked than 
when they are merely like sounding. From these preliminary 
results, it is apparent that the galvanic skin reflex offers a 
fertile field for experimentation in semantic conditioning. 
Research in progress at the moment indicates that a great 
deal of the variability in the pre-conditioning series may be 
eliminated by presenting the stimuli on lantern slides or film. 
In this way, the disturbance occasioned by the movements 
of the experimenter in presenting the cards will be eliminated. 
Another innovation that is being studied is the concealment 
of the connection between the words and the galvanic re- 
sponse. The subject is led to believe that response to shock 
is being studied and concentrates her attention upon the 
identification of a minimal shock stimulus rather than upon 
the reading of a specific word. This results in a loss in the 
magnitude of the original reflex. 


(Manuscript received December 1 I, 1939) i 


A NEW APPARATUS FOR VOICE CONTROL OF 
ELECTRIC TIMERS 


BY DAVID P. BODER 


Lewis Institute 


А Voice Key 


Some years ago the writer described a set of electronic 
devices for oral interruption of chronoscope circuits and for 
the control of kymograph writing pens (1). To the best of 
his information his photoelectric word counter described in | 
this group has been successfully used by Professor Bills in his 
study of blocks (2). Since then, the present writer has de- 
signed a greatly simplified and more efficient voice key which 
he has omitted to describe but which has been made available 
through C. Н. Stoelting Co? In view of the fact that new 
and wider uses appear to, present themselves not only for the 
voice key in its present construction, but for a new combina- 
tion of the same principle with a loud speaker system, a more 
detailed description of the instrument shall be given at 
present. f 

The principle of the voice key was suggested by a toy, the 
‘microphone dancer, which was available on the market some 
years ago for only a short time. In its modified form (Fig. 1) 
the apparatus consists of a microphone case which houses the 
following mechanism: a telephone diaphragm a, with a pointer 
b, soldered to its center; a lever of a non-magnetic metal c, 
оп a pivot which makes contact with b under pressure of a 
spiral spring d, as used in small electric meters the tenseness 
of which can be properly controlled by a special adjustment. 


The vibrations of the diaphragm throw the lever c in the 
direction of the arrow breaking the circuit at every accentu- 


ated syllable. This arrangement is sufficient to stop the Dunlap — 
chronoscope or to activate a magnetic kymogtaph pointer suchas 

1 Stoelting Catalogue, Supplement, 1937, No. 17220. ; 
: 7 241 
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in the Darrow lie detector. This voice key gives results even 
when placed at a distance of 8 inches from the subject.? 


eaker 


Dianne m 
or 5р 
cone 


Fic. 1. Voice key mechanism greatly enlarged in part (see text). 


CIRCUIT For THE Voice CONTROL or ELECTRIC TIMERS 


Vocal responses especially of the controlled association 
type take a comparatively longer time than simple finger 
reactions (3, 4). Even for the latter Rexroad (5) has success- 
fully used a ‘Cenco? impulse counter which operates in units 
of 8.3 ms. (1/120 sec.). It appears, therefore, that electric 
timers such as the Cenco or as those of the Standard Electric 
Time Co. which give satisfactory readings in units of 10 ms. 
may well be suitable for reactions which average more than 
300 ms. One of these Standard Electric timers is used by 
Dr. L. L. Thurstone and it was an incidental conversation 
with him that prompted the design of the circuit we are about 

“to describe. 

We shall give first the circuit for conditions in which only 
the response is given by voice, while the stimulus is of the 
conventional visual or auditory character of electro-mechani- 
cal variety (Fig. 2). The crucial component of the circuit in 
addition to the voice key, is a Guardian Electric Co. relay * 


2 This fact has been checked by Mr. Allen Falkman in connection with a student 
project in experimental psychology. 

* The writer is indebted to Professors LeRoy T. Anderson and Victor L. Sherman, 
and also to Emil Richter} technician, all of the Departments of Engineering of Lewis 
Institute, for their assistance in the final layout of the apparatus. 

* Guardian Elect. Mfg. Co., serial no. 19934. 
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with a double pole, double throw armature. The relay closes 
at 20-24 volts a.c. (3-6 volts d.c.) ‘pulling’ voltage and con- 
tinues to stay closed if this voltage is subsequently reduced 
to 9-16 volts a.c. (or about 2 volts d.c.). However, if this 
lower or ‘holding’ voltage is interrupted transitorily by the 
voice key, the relay will open and stay open even after the 
voice key closes again the circuit. The reason for this is that: 
the ‘holding’ voltage is not strong enough to pull the relay, 


3 TO SECONDARY 
RELAY 
CIRCUIT » 


SW 
, i (би ос e—- 
2 OPTIONAL ) nee] 


Fic. 2. K—lever key, type ‘make before break’; V.K.—voice key (Boder); 
Ri—350 ohm resistance line cord; Rx—25 ohm, 20 watts fixed resistor; Rs—600 ohm -` 
potentiometer; G—Guardian Electric relay, number 19934 with 2 sets of ‘break make’ 
springs 34 of an inch contacts; J—open jack; S—double pole double throw switch; 
¢:—2ufd Aerovox filter condenser, type 6 UC, боо D.C.W.V., optional and depending _ 
on load. 


once it has returned to an open position due to momentary 
break of the circuit. The pair of triple spring contacts on 
* the relay take care of the timer and stimulus. The springs : 
d and e as well as dı and гу close the respective circuits when 
the relay is activated. The contacts ¢ and f as well as erfi 
are free for special uses depending on particular experimental“ 
requirements. i 
The energizing of the relay first with 24 volts and the 
immediate subsequent reduction of this voltage to below 10 
is accomplished by a lever key (Fig. 3) of the type ‘make 
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before break’ used in telephone switch boards.5 The pressure 
of this key first closes c and a without breaking the contact 
of a and b; the voltage is transitorily equal to 24 volts; how- 
ever in the next instant a-b are opened and only a-c remain 
closed. The current to the relay now flows through the re- 
sistance Rs and is reduced to about Іо volts a.c. (or 2 volts 
d.c.). The voice key is in series with this circuit and when 
the latter is broken for an instant by means of the voice key 
the relay will stay open until the next stimulus is given. The 
power for the relay is taken from the 110-120 volts 60 cycle 
line and is reduced to required voltage by means of a 350 ohm 
line cord in series with a 25 ohm (10 watt) resistor. The 


' Fic. 3. Lever key. 


provision that the relay operates on 6 volts d.c. as well is of 
special usefulness when the operation of the stimulus requires 


` a great amount of current to be taken from the 110-120 line, 


or when small d.c.-a.c. converters аге being used which may 
deliver only enough a.c. to run the timer. 

If the stimulus, as well, is to be given by voice another 
relay of the same kind with an identical circuit is used. This 
second relay requires a separate 350 ohm line cord with 
another 25 ohm fixed resistor in series, or a 6 volt storage 
battery. The ¢ and f springs of the second relay are con- 
nected in series with d and e springs of the first (Fig. 4). 

ë Automatic Elect. Co., Z-D321865.. 

' Better results may be obtained without the resistance at all; the stimulus- 


response situations are usually so brief that the overload will not cause any appreciable 
damage to the relays. 
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When then the lever key is pressed both relays close simul-| 
taneously and the timer will not start. The word of the ex- 
perimenter spoken into a separate voice key opens relay II. 
"This starts the clock. "The vocal response of the observer 
then opens relay I and so stops the timer. 


о c -Q 


1 
AUTEUR а. x нн a) 
Li OPTIONAL EQUIPMENT. 


Fic. 4. Connections between springs when two relays are used. 
. I and II designate respective relays. 


Only one lever key is used for both relays but it must carry a double set of *make 
before break’ springs, to be activated simultaneously. When ordering the key the 


following specifications should be given: (1) the key should Jock on one side and not | 


lock on the other; (2) both sets of springs of the ‘make before break’ combination 
should be located on the locking side, one on each side of the handle. It might be 
useful to have on the non-locking side a set of springs of the make-break type for a 
possible warning signal circuit. 

The whole apparatus is housed in a radio cabinet about 14"^ by 9” by 7". The 
jacks, rheostats, pilot lights and toggle switches are mounted on the front panel, 
The relays with six binding posts for each are mounted ‘on a bakelite board which 
easily slides into and out of the cabinet. 

* The wires connecting the parts on the front panel with the relays should be long 
enough to permit easy removal of the relay board from the cabinet so as to facilitate 
repair, or change of combinations. The D.P.D.T. switches and the lever key are 
located conveniently on the roof of the cabinet. 


FURTHER Improvement IN EFFICIENCY or THE Voice KEY 


When the above described circuits were given their lab- 
‘oratory tests it was found that dozens of voice reactions could 
be obtained with but a few failures of the apparatus. Never- 
theless, incidental failures would occur, especially with words . 
such as meek, Lillian, tin, except and others of similar con- 
struction. Moreover, all words had to be pronounced with 


a reasonable degree of sharpness and at the end of a series ofc 


30-40 responses the subjects would manifest some let down 
due to apparent fatigue or boredom. This defect has now 
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been remedied by placing the voice key in the nearest proximity 
and if possible in physical contact with the loudspeaker of a 
vacuum tube amplifier. With the use of a crystal microphone 
even words spoken in a low voice will come through. If the 
amplifier is well out of the way intensive amplification is 
possible without ‘howl.’ The subject can speak in a normal, 
non-forced voice, with the microphone several inches away 
from his face or fastened to his lapel. Proper choice of ampli- 
fier will reduce the number of misses to an insignificant 
minimum. 

A further improvement is presented by combining into 
one unit a 3 or 5" permanent magnet speaker with the spring 
element of the voice key (Fig. 1). In such a device 1 + micro- 
phone housing is dispensed with. The diaphragm is fastened 
to the paper speaker cone with radio cement and the bakelite 
strip holding the spring unit is screwed on to the speaker 
frame. As a matter of fact, the pointer can be made of a 

‘longer piece of wire with a loop on one end; this loop can be 
fastened to the speaker cone directly, dispensing with the dia- 
phragm also. The slightest vibration of the cone will produce 
the required break. By means of proper wiring the same 
amplifier can take care of two microphones and two speaker 
keys, if both the stimulus and responses are to be vocal. For 
this purpose relay I controlled by the experimenter keeps the 
response speaker out of circuit until the stimulus word is 
spoken; only then the response circuit including the timer is 
thrown into operation. The response of the subject stops 
the timer. The return of the lever key to its initial position 
sets the apparatus ready for the next stimulus. 


ConcLusions 


I. A voice key has been described, which together with 
great economy in cost gives satisfactory results with the 
Dunlap chronoscope permitting as well a comfortable distance 
of the key from the face of the observer. 

2. The function of the voice key is greatly enhanced by 
placing it in immediate contact with a loud-speaker of a con- 
ventional inexpensive P-A system. The voice key mechanism 
may also be directly combined with a loud-speaker unit. 
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3. A relay circuit has been described which permits the 
control by voice of electric clock mechanisms driven by com- ` 
mercial current such as those of the Standard Electric Time 
Co., or the Cenco impulse counter. The circuit is built on ` 
the principle of separate ‘pulling’ and ‘holding’ voltages for 
operation of the relays. : 

4. The relays are of a sturdy type with springs capable 
of handling more than thousand watts. This makes it pos- 
sible to use as stimuli pictures or patterns thrown on the 
screen by means of a projection lantern (personal communi- 
cation by Professor Thurstone). 

5. The circuit permits a hook-up with a motion picture 
projector in such a manner that the chronoscope or other 
electric timer will start with the appearance on the screen of 
a definite frame of a running film, say the appearance of a 
child or a bicycle rider in front of an automobile. 'The ob- 
server may stop the timer by voice or any suitable device of 
mechanical character. 

6. The described voice key is exceedingly sensitive to vibra- 
tion. When placed behind a target, and in direct contact 
with it, it may be used to time responses in terms of arrow 
shooting, dart throwing, and release of any missile directed 
toward a fixed target. 


(Manuscript received December 7, 1939) jns 
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` А SUGGESTED DEVICE FOR DETERMINING EYE 
DOMINANCE OBJECTIVELY WITH 
SCIENTIFIC ACCURACY 


BY NORMA V. SCHEIDEMANN AND MORRIS W. KANDLE 
Temple University 


All present mechanical devices for determining eye domi- 

$ nance although utilizing the optical principles for eyedness— 

a small aperture accommodating butone eye's visual line of 

regard, interposed between the eyes and a fixation point— 

‘are influenced to some extent by handedness, accidental ac- 

commodation, head position, and head movement. In addi- 

tion, none can be used satisfactorily in case of infants and 
animals. 

The desirability of an objective means for determining eye 
dominance with scientific accuracy is obvious. Among other 
things specificness could characterize the now controversial 
questions relative to stabilization and innateness of eye domi- 
nance, relative frequency of left and of right eye dominance, 
possibility and frequency of mixed eyedness, and stabilization 
of eyedness in animals—principally apes, dogs, and cats. 

It would seem that a satisfactory instrument for determin- 

. ing eyedness would utilize the optical principles of eyedness 

гапа exclude the interfering factors previously enumerated. 
Such an apparatus the writers believe could be constructed 
with modest expenditure of effort and no great financial out- 
lay. Not themselves in position to materialize this apparatus 
the writers herewith present a diagram of the involved factors 
in hopes some one will utilize them in developing and per- 
fecting a device for determining eye dominance. 

The suggested apparatus (see accompanying figure) con- 

¥ sists of a motion picture camera, a series of converging shut- 
ters, and a source of light fitted into a case. In order not to 
diffuse the light within the case a partition-board is placed 6 
between the camera and the light. It may be found that ^ 
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the apparatus may have to be rearranged in actual use, but © 
all the essential parts are presented. 


7 Source of Light E 


Умен of Sura Сери 
de Рл Pont 


Potion Petwo Camera. Серий 
sath Wide Angle Retrait lens. 
Camera may be Llled if necessary 
as dicated by dolled lines. 


UII III А 


22А 


Adwatable Stand, 


Cres Sect Side Vaw 


Fic. 1. Suggested apparatus for the study of eye dominance. 


The light should be intense enough to attract the attention 
of an infant or an animal, and should be placed behind the 
shutters! so that it may be focussed by the subject. 


! Carl Zeiss, Inc., 485 Fifth Avenue, New York City, markets highly, pu i 
iris diaphragms of various sizes that can be used here. These diaphragms consist pom a B 
а number of metal or of vulcanite leaves that can be opened or closed by operating 

a small lever. When light of considerable intensity is used the vulcanite leaves are 

Not recommended. The cost of iris diaphragms varies from $10.00 to $35.00, according 

to size, They are not ordered by catalogue number, but are referred to simply under 

the name of ‘iris diaphragms.’ 
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* The camera is adjusted so that it records the image of the | 
subject’s eyes focussed on the light. It should be equipped 
with a wide angle portrait lens for close work. If it is found , 
that the camera will not include the desired field when it is 
set in upright position it can be angled to desired p as 
shown by the dotted lines. 

The camera should be started when the eyes focus the 
light. While the light is fixated the shutters in the interposed 
diaphragm are slowly and smoothly drawn inward until the 
aperture accommodates the line of regard of only one eye. 
The recorded series of images may then be projected on a 
screen in slow motion, or each exposure may be developed as 
a still and then enlarged uniformly. High lights, pupillary 
changes and possibly other factors may be studied from these 
records. 


(Manuscript received June 16, 1939) 
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THE ACQUISITION, EXTINCTION, AND 
SPONTANEOUS RECOVERY OF A 
CONDITIONED OPERANT 
RESPONSE 


BY C. H. GRAHAM AND R. M. GAGNÉ 
From the Psychological Laboratory of Brown University 


A great deal of psychological research has been devotedfto: 
determining how and under what conditions modifications of 
an organism's behavior take place. ‘Learning’ is the term 
ordinarily applied to the progressive changes observed in’ 


‘behavior upon repeated presentation of a stimulus situation’ 


which is accompanied by reinforcement. Learning curves. 
which express such changes from one stimulation to the next. 
have been presented in terms of errors, time, frequency, or 
percentage of occurrence of some standard response. At- 
tempts to draw generalized descriptions of behavior modifica-- 
tion from these curves have been complicated to a large extent. 
by the lack of any good correlations between measurements 
taken under widely different experimental circumstances. 
While each description may involve certain factors which аге! 
generally agreed to justify its inclusion under the term' 
‘learning,’ the difficulty of comparison with other descriptions. 
arises because of the existence, in each exper 
of certain other unevaluated factors. 
suppose that the best understanding of this type of behavior 
тау be derived from a situation which satisfies the conditions: 
of "learning, and which is simplified to the extent tliat the. 
number of controlling variables is reduced to a minimum. 

' 251 


imental situation, © 
It is reasonable.to — 
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Historically, such a restriction of conditions has been em- 
ployed in experiments on conditioned reflexes. The un- 
conditioned stimulus has generally been chosen for its ability 
to evoke a response involving a single muscle group or a simple 
glandular secretion. In some cases the response has been 
further restricted by surgical operation performed on the 
experimental animal. Carried to an extreme degree, opera- 
tion may come to entail an artificial condition which does not 


. produce results directly consistent with the behavior of the 


unrestricted organism. The question of how much or how 
little restriction is necessary in studies of reflexes is discussed 
by Skinner (16, 18). His conclusion is that the level of 
restriction is best determined by consistency and repro- 
ducibility of the function «which represents the relation be- 
tween stimulus and response. 

Another type of stimulus-response correlation which has 
been studied has been variously named ‘trial-and-error 
behavior’ (то), ‘problem-solving’ (cf. 12), ‘Thorndikian 
reaction’, (20), and ‘operant: behavior’ (18). Skinner has 
defined it most clearly (18) and has pointed out that there are 
seven differences between the operations to be performed їп. 
conditioning this type of reflex and the ordinary Pavlovian 
type (17). Chief of these differences is the fact that no 
external stimulus originally elicits the reflex which is to be 
modified. The operant reflex, therefore; must possess a 
certain initial strength in order for the response to occur once, 
whereas the Pavlovian reflex does not require this condition. 
The important thing in operant behavior is the conditioned 
Tesponse (¢.g., pressing a lever), since this itself produces the 
reinforcing state of affairs; in ‘respondent? behavior, on the 
other hand, the conditioned stimulus is the important factor, 
and the response to it (eg. pricking up the ears) usually 


. disappears. * 


According to Hilgard (4), the class to which any descrip- 
tion of learning belongs is determined by the responses which 
are measured, and not by the responses which actually take 
place. » There may be in the Pavlovian experiment a response, 
such as the dog's looking toward. the food pan, which is 
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analogous to the rat's pressing the lever. It may also be true 
that the rat salivates in the presence of the lever. The 
' essential differences between the two types would then depend 
upon the fact that in each situation one response is measured 
to the exclusion of the other. Such an analysis seems to 
mean that both types of conditioning may take place in these 
experiments. The question of the fundamental distinctness 
of the two types has probably not been answered, although 
some worthwhile attempts have been made [cf., for example, 
the recent statement of de Montpellier (3) ]. 

Without disregarding difficulties inherent in the problem it 
is possible to study the course of ‘learning’ or conditioning 
under controlled conditions. For the purposes of experi- 
mental analysis, all that is important is the presence of certain 
variables which have been found to determine the condition- 
ing process. Among these factors are ‘ drive’ and the presence 
of conditioned and unconditioned stimuli, together with their 
interrelated temporal effects. The necessity for restriction 
of behavior to a level of reproducibility has already been 
mentioned. 

Even in the studies of Pavlovian conditioned reflexes, 
where restriction of response is most clearly applied, a further . 
condition is desirable. This is in regard to the units em- 7 
ployed to measure the changes in behavior. Comparisons 
and eventual correlations with other sets of data are facilitated 
by the use of units of known physical dimensions. In addi- 
tion, any confusion concerning what is being measured is 
avoided. Such units of measurement as time, distance, mass, 
and others derived from these, are fundamental to all science, 
and facilitate the correlation of the data of several disciplines. 
The employment of arbitrary units such as percentage of 
appearance of response makes difficult the interpretation of 
data as well as their correlation with other observations. 

The problem to be investigated in the present research 
involves measurement of the acquisition, extinction, and 
spontaneous recovery of a conditioned response in the white 
rat. This requires the choice of some aspect of the total 
response which can be restricted to a point where reproducible | 
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data are obtainable. Furthermore, we feel that the observa- 
tions should be expressed in directly measurable units of a 
continuous scale. The measure which we have used and 
which seems to meet these requirements involves the de- 
termination of a ‘latent period.’ 

Throughout the course of the determinations our experi- 
ments were guided by the quantitative requirement of a 
formal hypothesis as to the nature of conditioning. The 
hypothesis is considered in detail in a later section of the 
paper. In that section we present a discussion of the relation 
of data and theory, and we consider the advantages of the 
model which we have kept in mind. 


EXPERIMENTAL 


Design of the Experiment 


For the purpose of this experiment we used the simple 
runway shown in Fig. 1, which requires of the rat the response 
of running to a food box. This behavior may be considered a 
conditioned response of the operant type (17), the conditioned 
stimulus for which is the change in environmental energies 
produced by the opening of a door in front of the starting- 


, box. The running behavior is terminated at the food-box by 


stimulation from the food (unconditioned stimulus) and the 
eventual unconditioned response, eating. 

The conditioned response can be observed and measured 
‘in several of its aspects. The most convenient measure seems 
to be the interval of time between the presentation of the 
conditioned stimulus and the occurrence of the conditioned 
response. This interval may be called the latent period of 
response and it has been found to vary in a regular manner 
under the conditions of this experiment. Another possible 
measure which we might have used is the time required to 
traverse the runway. This measure has been employed by 
Hull (6) and Miller and Stevenson (9), but in our experiment 
the runway-distance is so short as to make this a relatively 
insensitive measure. The use of the term ‘latent period’ 
in the present research must be considered nothing more than 
an analogy with its use in certain physiological experiments. 
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Practically, the term seems justified by the fact that, during 
this interval, aspects of behavior immediately relevant to the 
running response are not observed. : 


Runway 


707112122 


Fic, т. Diagram of the apparatus used in these experiments. The animal runs from 
the starting box to the food box by way of the runway. 


In the experiments to be reported an attempt was made to 
keep all extraneous variables constant from. trial to trial. 
The unconditioned stimulus was maintained constant, by 
using uniform particles.of food, small enough so that the 
consumption of fifteen of them by the rat during the experi- 


ment did not materially affect the strength of the hunger | 


drive. The time between the response and the next presenta- 
tion of the conditioned stimulus was kept a definite interval 
throughout, thereby assuring equally spaced trial units. 
The conditioned stimulus and other parts of the apparatus 


remained unchanged during the course of the experiment. ` 


Accordingly the measures obtained can be expected to repre- 
sent changes in strength of response (a) during fifteen rein- 
forced§ftrials (acquisition), (b) during five non-reinforced 


trials (extinction), and (c) after certain intervals of time. 


following a practically complete initial extinction (spon- 
taneous recovery). à 


* 
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Apparatus and General Procedure 


A diagram of the apparatus used in these experiments is shown in Figure І. The 
equipment consists of a simple elevated runway three feet long and three-quarters of an 
inch wide. At each end of this runway is a small platform, 6 inches by 8 inches, on 

‚ which can be placed either the starting box or the food box. The latter boxes are 
interchangeable, and in their outside dimensions measure 6 inches wide, 64 inches high, 
and 7% inches long. They are open in front and covered on top by a wire screen, 
Attached to the back of each box is a handle by means of which the experimenter can 
carry the box from one end of the runway to the other. In front of each platform is a 
small door which serves to close the front of the appropriate box. The experimenter 
can raise and lower each door quietly by means of twine passing over pulleys out of 
sight of the animal. 

The entire apparatus, with the exception of the outer ends of the platforms and 
boxes, is enclosed in a sturdy framework, 2 feet wide, 4 feet long, and 4} feet high, 
covered on the sides and top with cheesecloth. This structure is illuminated from’ 
within by a 25-watt light hanging about a foot above and in front of the food-box. 
The framework with its cheesecloth sides serves as a relatively effective one-way screen 
and eliminates important visual cues from the experimenter’s movements during the 
trial'periods. The experimental room is located in a part of the building which is 
ordinarily quiet at night, the time when the experiments were conducted. 

The experimental food was prepared by cutting pellets of dog chow, the regular 
rat colony diet, into small pieces weighing about 0.04 grams apiece. According to 
Skinner's (13) results, the drive of hungry rats'remains at а constant level during the 
consumption of about 100 pellets (s grams). In our experiments, since each rat con- 
sumed about 0.6 grams during the fifteen reinforced trials, it is reasonable to suppose 
that the drive was insignificantly diminished by reinforcement. 

The animals used in these experiments were thirty-six male white rats of an inbred 
Wistar strain. All of these animals had been reared from birth in ordinary living 

, Cages, and none had been used previously for experimental work. 

да Each rat was given four days of preliminary habituation to the experimental room 
and the experimenter. During this time none of the animals had any experience with 
the runway or with the starting position used in the experiment. On each training 
day the rat was allowed to run for ten minutes, without reinforcement of any sort, 
on some units of an elevated maze which closely resembled the experimental runway. 
He was then placed in a cage for a few minutes, after which he was permitted to eat for 
~ twenty minutes in one of the experimental boxes (used interchangeably during the 
experiment as food- or starting-box). This was the only food the animal received 


during the habituation period. On the final day the time for eating was shortened to 
twelve minutes. 


Acquisition 
Twenty-one rats of average age 128 days, constituting 
what will hereafter be referred to as Group A, were used in 
determining the course of acquisition. Actually, thirty-four 
rats were employed in all. Eight of these were discarded 
-when they failed to leave the starting-box in five minutes on 
the initial trial of acquisition. It is believed that this arbi- 
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trarily imposed criterion served to eliminate animals which 
reacted unfavorably, perhaps emotionally, towards the experi- í 
mental situation. Acquisition was measured in five other 

rats, but the results were not included because the animals 

required fewer than six trials for extinction. The reasons , 
for this extinction criterion are discussed in a later section. 

The experiment was conducted in the following manner: 
On any one experimental day, a rat was taken directly from. 
its living cage and placed in the starting-box on the platform 
of Fig. 1, the door remaining closed. A small piece of food 
was placed in the food-box, with door open, at the opposite 
end of the runway. The starting door was now opened and 
a stop-watch started. The watch was stopped when the 
animal's body, exclusive of tail, had left the box and passed a 
fixed mark 4 inches from the starting-box. This interval 
was recorded as the latent period of response. 

The animal traversed the runway, entered the food-box, 
and found the food in its customary position within the box. 
The narrowness of the runway (width 3/4 inch) practically 
excluded the occurrence of retracings, so that, once started, 
the animal continued to run the length of the runway. (Only 
two or three times during the experiments did an animal 
turn back after having crossed the starting mark. In these _ 
cases the watch was started again immediately, and the entire, 
time between the opening of the door and the second crossing 
of the mark was recorded. These determinations may in- 
volve a small error, but since the runs occurred in the begin- 
ning of acquisition the percentage effect is slight) With the 
animal in the food-box, the experimenter closed the door and 
proceeded to record the time shown on the watch. When the 
animal had finished eating, usually in about twenty seconds, 
he was carried in the box back to the starting position, and 
the former starting-box, with a pellet of food in it, was placed 
in the food-box position. Seventy-five seconds after the 
arrival of the animal at the food-box the experimenter again 
opened the starting door, and the second trial was begun. 
This procedure was continued for fifteen trials. ' 

It is to be noted that the rat always started from the same 
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end:of the runway and ran in the same direction, that is, 
toward the more brightly illuminated part of the apparatus. 
Since the starting door, the opening of which signalizes the 
conditioned stimulus, was attached to the end of the runway, 
this also remained constant from one trial to the next. The 
starting- and food-boxes, identical in structure and appear- 
‘ance, were interchanged between trials. Preliminary ex- 
periments with the apparatus convinced the authors that 
alternatives to this procedure, such as picking the rat up by 
hand, or rotating the runway, effected disturbances in the 
animal’s behavior. No detectable disturbance could be ob- 
served under the procedure finally employed. 

The average logarithms of the latent period as a function 
of the number of trials in acquisition are presented in Table 1, 
together with the average deviations of log latent period. 
The values for each trial of acquisition were obtained by 
averaging results from the twenty-one rats in Group A. It 
will be readily realized that these averages represent the log 
geometric average of the data on each trial. 

The logarithms of the latent period have been averaged 
because of the fact that the distribution of latent periods at 
any trial is not normal, but skewed in the direction of the 
longer latent periods. The distribution for log latent period, 
however, is approximately normal. Some interesting con- 
clusions with regard to variability follow from this initial 
observation and from the behavior of variability on succes- 
sive trials.- It will be seen in Table 1 that, throughout ac- 
quisition, the variability of log latent period (4.D.to ғ) is 
approximately constant, a finding which indicates that the 
upper limit of variability is a constant multiple of the mean; 
the mean in turn is the same multiple of the lower limit. 
Thus, in the early stages of acquisition a group of animals with 
a geometric mean latent period of 20 seconds may vary fre- 
quently in latent period between 20 and 40 seconds; on the 
other hand, they will vary just as frequently between the 

_ limits 10 to 20 seconds. Similarly, in the later stages of 
acquisition the same animals, having achieved an average 
latency of 4 seconds, will vary as frequently between 4 and 8 
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Tue DATA on ÅCQUISITION, EXTINCTION AND SPONTANEOUS Recovery, TocETHER 
WITH THE VARIABILITY VALUES OF Loci Latent Peron (4.0лорр) 


Interval after 


Process Extinction Trial 
(min.) 

Acquisition I 
b 2 
3 

t 

6 

7 

8 

9 

10 

It 

12 

13 

ц 

15 

Extinction I 
(Group A) 2 

3 

4 

5 

Extinction I 
(Group B) 2 

3 

4 

* 5 

Spontaneous I М; 
Recovery 3 T 
6 
о 


seconds or 2’and 4 seconds as they did formerly between the 
limits 10 and 20 or 20 and 40. Crozier (1) and Crozier and 

Hoagland (2) have advanced a number of arguments in favor 

. of treating variability as a functionally determined aspect of 
the experimental conditions, and the argument is clearly 
applicable in the present circumstances. À 

A curve of acquisition, with average log latent period of 

` response plotted against trial, is shown in Fig. 2. Starting 
from a log latent period value of 1:85 (71 seconds), the curve 

* drops sharply at first, and then more gradually, to reach a 


* 


* 
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log value of 0.45 (2.8 seconds) at the final trial. Thus the 
latent period of the response undergoes a change during 
acquisition which is of the order of 25 to І. If we disregard 


ор 
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Fic. 2. The curve of acquisition. The logarithm of the latent period is plotted as a 
function of the number of reinforced trials for twenty-one rats. 


the first trial of acquisition, the range reduces to 9 to I, a 
value similar to that found in extinction but with direction 
of change reversed. The change in slope of the acquisition 
curve is such that a final level is approached after about ten 
trials. 

Extinction, 


In addition to twenty-one rats of Group A, twenty male 
white rats of average age 143 days, which will be referred to as 
Group B, were used to determine changes in latent period 
during experimental extinction. Five of these animals had 
taken part in the experiments on Group A and were later 
included in Group B: More than a month elapsed between 
the two procedures and it is probable that the animals’ ex- 
perience in the earlier experiments had little influence on 
their later performance. Measurement of extinction was 
performed on seven additional animals, five under the pro- 
cedure used with Group A and two under the procedure of 
Group B. The results of these seven animals were not in- 
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cluded because the number of trials required for extinction 
was fewer than six in each case. The criterion of six trials 
was set up in order to provide a curve based on five points. 
The requirement of five points is arbitrary, of course, but it 
has the advantage of providing a sufficient number of points 
to establish a definitive relation and at the same time elimi- 
nates the necessity of averaging the irregular latent period 
values which occur as extinction approaches completion. 
Group B rats received the same preliminary training as 
those of Group A and were used in determinations of spon- 
taneous recovery. The acquisition trials of Group B were not - 
recorded, since for convenience they were spread over two 
experimental days. On the first of these, the animal was 
given seven reinforced trials and was then allowed to eat 
for twelve minutes in the food-box. At the next experimental 
session, the rat was given from three to twelve reinforced ` 
trials, in each case as many as were needed to obtain a re- 
sponse, measured in three consecutive trials, with a latent 
period of less than five seconds. This criterion assured a level 
of acquisition which was comparable with the value of the 
final acquisition trial of Group A. It is probable that this 
difference in procedure with Group B introduced по anomal- . 
ous effects. At any rate it is certain that the extinction curves 
for both groups are similar, a finding which might not be 
expected if significant differences had entered into the original 
acquisition. 3 
For both groups of animals, the first.trial of extinction 
followed the final acquisition trial at the usual 75-second 
interval. During extinction all conditions remained the 
same as when acquisition was being measured, with the ex- 
ception that no food was placed in the food-box. The trials 
were continued until the response failed to appear after 3 
minutes. The 3-minute criterion was chosen because pre- 
liminary observations on several rats showed that if the 
response failed to appear in this interval it did not appear in a 
uniform manner for a longer period. For all practical 
Purposes extinction may be considered complete in this time. 
The mean log latent period values were computed for five 
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trials. Most of the animals reached the 3-minute criterion 
- on the sixth trial, but several required a greater number. 
Averaging results beyond the fifth trial would have required 
either the inclusion of the criterion trial (which involves an 
indeterminate numerical value), or the use of determinations 
on a smaller number of animals. Both these procedures 
introduce undesirable features into the computation of 
average values.! The values as calculated for the fifth non- 
reinforced trial are derived from twenty-one animals in 
Group A and the twenty in Group B and represent a point at 
which the extinction process is approaching completion. 


TRIAL 


Fic. 3, The curve of extinction for two groups of animals. Group A contains twenty- 
one rats; Group B, twenty. 


Figure 3 represents the curve of extinction for both groups. 
The log latent period of response starts at a level of about 
0.41 (2.6 seconds), a value consistent with Group A’s value 
of 0.45 for the immediately preceding trial (the fifteenth of 
acquisition). From this initial point the curve rises with a 
gradually decreasing slope to a log latent period value of 1.33 
(21 seconds) at the fifth non-reinforced trial. Thus we see 
that five trials of non-reinforcement effect a nine-fold change 
in the latent period of the conditioned response. The close 
agreement between the values obtained from the two groups 
of rats gives an empirical measure of the reproducibility of the 
results. 


1 The Vincent method of computation was not used, since it is not adapted to curves 
which approach a final steady level. Further, it seemed to the authors to give rise toà 
new and essentially arbitrary independent variable, 
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Spontaneous Recovery 


The twenty animals of Group B were used to measure 
spontaneous recovery of the conditioned response after ex+ 
tinction. The latent period of response was measured with 
four sets of five animals each, and any single set of animals 
was used on only one of the four recovery intervals investi- 
gated. By this means we took care that the determination 
with any rat should not be influenced by previous measure- 
ments of spontaneous recovery. i Rat 

When the process of experimental extinction in a given 
animal had reached the three-minute latent period level, the 
door in front of the starting-box was closed for the duration 
of one of the selected recovery intervals. The condition ex- 
isting under these circumstances resembles the period of no 
stimulation which is present in the spontaneous recovery of 
Pavlovian conditioned reflexes (10). At the end of the 
particular interval chosen for study, the door was raised and 
the stop-watch started. ‘The latent period which was re- 
corded in this way: gives a measure of the spontaneous re- 
covery, of the response. Yn 


* 


LOG LATENT PERIOD 


ООА 8 lo 
TIME AFTER EXTINCTION ; 
Fic. 4. Spontaneous recovery: the logarithm of the latent period as affunction of length 
of interval after extinction, Each point represents determinationsfonfive rats. , 


5 А ed ИШАО diia 
-. Spontaneous recovery of the response following extinction 
to a criterion of 3 minutes of no response is shown inYFig.-4 . 


“= 
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where each point represents the average log latent period 
obtained with five rats. After an interval of one minute the ` 
response has recovered sufficiently to have a log latent period 
value of 2.01 (103 seconds). As the interval is made longer 
the rate of recovery becomes proportionately less, so that 
after a 10-minute interval the log latent period of the response 
is 1.54 (45 seconds). Apparently the greatest degree of 
recovery takes place within the first 3 minutes after extinction. 
Moreover, the entire amount is relatively not great, for after 
IO minutes the response is still far from the value which 
represents complete recovery. The question as to whether 
long time intervals will allow for complete recovery remains 
to be investigated, but the present results are significant in 
showing that spontaneous recovery takes place rapidly 
within the first few minutes after extinction. 


Discussion 
A Consideration of Results 


The results which have been presented constitute a 
description of changes in latent period of response under the 
three conditions of reinforcement, non-reinforcement, and 
spontaneous recovery. The type of behavior studied is 
described by the paradigm employed by Skinner (17) to 
represent operant conditioning: 


\ So— Ro > S; — Ri. 


In the situation employed, S, is the complex of stimuli 
(visual, tactual, etc.) arising from the front of the starting- 
box and the maze when the door is opened. Rọ is the reac- 
tion of traversing the runway, at first ‘emitted’ and then 
reinforced by the presence of the strong reflex 5; (food) — Ri 

` (eating)? Certain obvious differences in technique between 
j 3 Professor Skinner (personal communication) thinks of the door movement in 
this experiment as comparable to his conditioned discriminative stimulus. If this be 
true our results are not comparable to his in the matter of extinction to such a stim- 
ulus (18). He failed to find any orderly change in latent period under these condi- 


tions, while we obtained orderly changes in acquisition and spontaneous recovery as 


well as extinction. At some later time it will probably be necessary to test for la- 
_ tency in the absence of the door. › 
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this experiment and Skinner's make possible the control of 
` trial intervals and of drive strength. * 

If we keep in mind the differences in the methods of 
presentation, it may be seen that the curve of acquisition here 
shown is similar in general outline to those found by Thorndike 
(19) in his study of trial-and-error behavior. The time 
required for his cats to leave the boxes was initially great, and 
subject to large individual variations. The variation found 
in our experiment on the first acquisition trial is of smaller 
order. This difference is understandable upon consideration 
of the larger degree of restriction which we employed, this 
restriction effectively increasing the chance of occurrence ofi 
the required response within a given time. In Thorndike’s 
investigation, as in ours, there is evidence of a sharp reduction 
in latent period on the second trial as a consequence of the 
first. Furthermore, the majority of Thorndike’s curves 
indicate a gradual decline in latent period which occurs 
throughout the course of acquisition. | 

A comparison of our data with the results obtained by 
Hunter (8) is difficult because the latter are presented as 
Vincent curves computed from the number-of correct re- а 
sponses in successive tenths of learning. However, if Hunt- 
er’s percentage measure be taken to represent the strength 
of response during acquisition, his curves indicate a response 
strength which increases as acquisition proceeds. Pre- 
sumably, this is the situation in our experiment if latent 
period be conceived as an inverse measure of strength. A 
similar comparison may be made between our data and those 
of Youtz (20), which are presented as changes in frequency of 
Tesponse in successive tenths of learning. This unit also 
increases in magnitude during acquisition and represents an 
increase in the strength of response. 

The curves of conditioning presented by Skinner (14) 
depict an initial increase in rate of responding. This initial 
increase is followed by a long period of response at a constant 
rate which gradually lessens under the influence of a waning 
drive. In the present study we have been interested only іп. 
those changes in response strength which take place in the 


af 
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“presence of a constant drive. Our results indicate the gradual 
nature of the process ‘of acquisition from the second to the 
fifteenth trial. Although our curve exhibits its most rapid 
drop between trial 1 and trial 2, our results do not bear out a 
generalization to the effect that acquisition is completed in the 
first trial, but show, on the contrary, that the change in 
latent period of response from the second to the final trial is 
‘about nine-fold in amount. A more precise determination of 
the initial changes in strength of the lever-pressing response’ 
might yield, as Skinner (18) suggests, a curve which reveals 
the gradual nature of the acquisition process. 

The curve of experimental extinction presented in. this 
paper exhibits an increase of latent period value with succes- 
sive trials of non-reinforcement. The measure in terms of 
frequency of response per.tenth of extinction time, employed 
in the studies of Hunter (7) and of Youtz (20), declines during 
extinction, and thus represents a decreasing strength of 
response. А similar decrease in strength is measured inversely 
by the latent period used in our experiment.’ The increasing 
latent period which we find during extinction is paralleled in 

- Skinner's (15) cumulative curves by a declining rate of 
response. 

The present findings on spontaneous recovery may be 
compared with those of Miller and Stevenson (9) who report: 
a very rapid and nearly complete recovery of a similar re- 
sponse after a one-minute interval. Our results indicate an 
amount of spontaneous recovery which is slight relative to the 
changes in response which take place during acquisition and 
extinction. The differences between these two sets of results 
are. probably attributable to differences in experimental 
procedure. Miller and Stevenson measured intervals im- 
mediately following the eighth extinction trial, without the 
intervening 3-minute extinction criterion which we have 
used. In addition, Miller and Stevenson measured the 
length of time taken by the rat to run the alley, rather than 
latent period of response. Despite these differences, how- 
ever, the results of both Miller and Stevenson's experiment 
and our own favor the conclusion that recovery proceeds ata 
rapid rate during the first few minutes after extinction. 


y 
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The results which we have described enable us to con- 
sider certain important temporal characteristics of operant 
conditioning. It has often been recognized that a synthesis 
of operant and respondent conditioning would be desirable 
from the point of view of economy. It is true that our data 
provide no new advance on this controversial topic, but it 
may not be completely out of place to re-emphasize the fact 
that the two types of response undergo changes in strength 
in much the same manner and under the influence of variables 
which have a high degree of formal similarity. To what 
extent this parallelism is strictly adhered to is a question for 
further experimentation. ' 


Theoretical 
In general terms the phenomena of acquisition, extinc- 
tion and spontaneous recovery of a response may be said to 
depend upon (1) the number, л, of paired stimulations by à 
conditioned stimulus of magnitude S, and an unconditioned 
stimulus of magnitude S,; (2) the number, р, of stimulations 
by a conditioned stimulus of magnitude S;; and (3) the tem- 
poral course of the effects of these stimuli through time, t. 
The conditioned response, R, then, may be said to be a func- . 
tion of these variables, and we write 


R = f(S, So, t, n, 2). : (1) 


The action of the five variables of equation (1) is most 
clearly visualized if we consider it with reference to an 
hypothesized internal condition of excitation which we may 
call е. Magnitude of response, R, is considered: to be de- 


‘termined by the level of ¢ present in the organism, and the 


problem of accounting for acquisition and extinction becomes 
one of accounting for the amount of e present as à function of 
the controlling variables of equation (1). By hypothesis, 
then, 
e = (Su, Sey т, Фф). (2) 


Figure 5 contains a diagram which may serve a5 à model 
to illustrate the hypothesized mode of action of e. It is 
assumed that e is initially present in small amount. With 
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continued stimulation by S, and S,, e builds up in amount, 
and the response elicited, R, is stronger as e becomes greater 
and greater. While it is true that the level of е is probably 
a function of the magnitude of Se, it is to be noted that it is 


Fic, 5. A model for conditioning. S. represents the conditioned stimulus; 
Sw, the unconditioned stimulus; №, the response; ¢, a condition of excitation; and +, a 
“back’ inhibitory process. 


more importantly a function of S,. This must be the case, 
for in the absence of S, during extinction, R, and hence its 
determiner e, must decrease in magnitude. Thus, in terms 
of the model, acquisition is due primarily to the increase in ¢ 
with repeated presentations of S,, while extinction is due 
largely to the decrease іп e which occurs in the absence of Su. 
The model as discussed so far does not account for spon- 
taneous recovery. There are a number of possibilities, of 
‘varying degrees of complexity, which might give a tentative 
picture of the process. The one which we have chosen is 
diagrammed in Fig. 5 by the line indicated asi. It should be 
emphasized that this mechanism is not in any way to be con- 
sidered as ultimately ‘correct.’ In fact we are well aware 
that it has certain severe limitations, but we also feel that 
_ these limitations can be overcome and that the type of process 
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is essentially satisfactory. . According to this idea spontaneous’ - 
recovery is due to the accumulation of inhibition, i, which, on 
each elicitation of R, deactivates а certain amount of e. 
This mechanism has the advantage of making extinction a 
rapid process as. compared with acquisition, for in these 
terms, extinction is not only.due to the ‘draining off” of € 
by R, but it also involves the active suppression of e by 4: 
Spontaneous recovery by this account may be considered to 
be the result of the ‘spontaneous’. reconversion of 7 to e at | 
a slow temporal rate which is determined.by the amount of 
i present in the system. j i 
A quantitative description of such.a system as we have 
outlined is complicated by the fact that $ and S, do not act 
continuously through time. : The proper consideration of this 
fact will eventually be necessary for a final theory, and indeed 
Rashevsky (11) has taken account of it in a recent formulation 
ofconditioning. However, the expression derived by Rashev- 
sky is somewhat unmanageable for experimental. purposes. 
For the time being, then, it may be permissible to introduce a 
certain amount of oversimplification, and this will be particu- 
larly true if the hypothesis, as an approximate statement, 
provides us with implications which may be tested. . In 
what follows we shall consider how e varies with (the number 
of trials in acquisition) for fixed. S, and S; and with 2 (the 
number of trials in extinction) for fixed Se. Kis 
In order to develop a practical hypothesis we make the 
assumption that the stimulating effects of Sy and S, s, and so 
respectively, are not momentary but are effective throughout: 
the period from. one: stimulation to another. ‘Specifically, 
5, and s, may be thought of as the average stimulating effects: 
of S, and S, throughout a trial. Conceptually, these average 
effects may act to influence the rate of change ofeina uni- 
form manner throughout the interval between successive 
stimulations by S, and S, for times which are not too long. 
With this conceptualization of the role of the conditioned. 
and unconditioned stimuli, we may think of the action of the 
system in Fig. s as following the process described by the 
following equation, in which, by an assumption discussed. | 
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later, 7 is a function of e: 


_ = hase — kasei + kai. (3) 


In this equation ¢ is time; s, and se the ‘average stimulating 
effects’ of S, and Se; and kı, ke, and Ёз are constants. This 
particular equation has certain important properties.’ (1) If 
the unconditioned stimulus is discontinued, s, has a value of 
` zero and the change in e with time will be determined by the 
terms involving Ёз and Ёз. The decrease in e under these 
circumstances will go on at a rapid rate since kes. is pre- 
sumably larger than Ёз and since ei has a much greater effect 
than the? in the extreme right hand term. This is the process 
which goes on in extinction. (2) If neither S, nor S, is 


presented, E: depends on the term involving Ёз and this ex- 


pression may be considered to represent the rate of spon- 
taneous recovery. (3) The process of acquisition must be 

- thought of as involving all the terms of equation (3), and it is 
clear that the accumulation of ¢ depends fundamentally on 
the presence of S,. 

In order to test this hypothesis on data it is necessary to 
have an expression in which the response, rather than the 
hypothetical variables e and i, is treated as a function of time. 
Let it be assumed that the magnitude of response, R, elicitable' 
on the presentation of S, is directly proportional to e and to з. 
This latter condition is necessary for Pavlovian condition- 
ing, and it is undoubtedly a requisite for operant condi- 


tioning, at least within certain limits above threshold. On 
this assumption 


R = lus. (4) 
In relating R and i we make the assumption that 
i = kR = Мз. ! (5) 


This latter equation assumes that the ‘back’ inhibitory effect 
on её is proportional to the magnitude of the response, an as- 
з Equation (3) may be thought of without reference to an inhibiting factor. This 


is true because of later treatment in which i is proportional to e. In this case, the 
second term of (3) [involving 22] is empirical. 
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sumption which seems reasonable since we should expect 
inhibition to be graded by the excitatory effect giving rise to 
the inhibition. 

If we substitute for e and i in equation (3) their propor- 
tionalities, as given by equations (4) and (5), we get 


aR = RG + Ka — KR), О 
where Kı = kisu, Ka = koksse, and Ks = kskaksse. This equa- i 
tion involves our fundamental ideas with regard to condition- 
ing, but in order to test its consequences we must remember 
that conditioning and extinction take place in discrete trials, 
each of length At, and not through continuous time. For this 
reason it is necessary to obtain an expression which relates 
R to п ог р, the number of trials, rather than to time, 7. 

The manner in which this may be accomplished is dis- 
cussed in an appendix. Appendix A deals with acquisition 
and B, with extinction. It is only necessary to note here 
that when the proper operations have been carried out we 
obtain the relationship (A4) е 


Res 02 n 
Te 80 @) 


as an expression of the manner in which the response varies - 
with n, the number of trials in acquisition. In this equation 
' Rmn designates the response after л trials as a function of n, 
and 4 is the limiting value of Rmn for large values ofn. C 
is a constant which contains length of trial as parameter. 

The treatment in Appendix A assumes the presence of a 
response Rm at the beginning of acquisition. This is neces- 
_ Sary, since it may be shown that in some cases the first few 
responses do not contribute to conditioning, but only to the 
animal’s adjustment to the experimental situation. Rn may 
be calculated by observing that 


Rg es 
c ES dS 


Extinction, according to the treatment of Appendix B, 


> 
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‘equation (Bz), is given’ by the expression 


R, i 

a = K'e, 8 

= | (8) 

In this equation R, is the response, p the number of the trial 

and a the asymptotic value of R, for large values of р. K’ is 

a constant defined by the relation per un =) where R; is the re- 
EIS 

sponse on the first trial of extinction. 

The description of spontaneous recovery involves none of 
the complexities involved in acquisition and extinction. It 
depends only on the temporal processes of i; and for this case 
de 
zero.: On substituting the proportionalities for e and i from 
equations (4) and (5) and integrating, we obtain, as the ex- 
pression for spontaneous recovery, 


log R/Ro = Kit. (9) 


equation (3) reduces to — = ksi, since s, and se have values of 


ny 


This equation states that the logarithm of the response 
elicitable after an interval involving no stimulation increases 
with time іп a linear manner. Ro, a constant, is the absolute 
threshold response. : 


Data and Theory 


Equations (7) and (8) indicate the way in which R, the 
magnitude of response, varies as a function of n and p, the 
number of trials in acquisition and extinction, respectively. 
Equation (9) gives the course of R in spontaneous recovery as 
a function of time. In order to relate these theoretical ex- 
pectations to the data of the present experiment it is neces- 
sary to consider the way in which the latent period, P, is 
connected with R. Clearly, the two variables are related in 
an inverse manner, for the long latent period which we'find 
at the beginning of acquisition. must be indicative of a small 
amount of conditioning while the short latent period late in 
the process must represent a large amount of conditioning, 
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i.e., a large value of R. For this reason we consider that R 

is proportional to the reciprocal of the latent period, 1.2., 
Rees 

where m is a constant of proportionality. If we substitute 


™ for R in equations (7), (8) and (9) respectively, we arrive 


Ie 
at the following expressions in terms of P. For acquisition, 
PROS ^ 
pity. KC (10) 


In this equation P, is the asymptotic value approached byP | 


for large values of n. K is defined by the relation рр 


where Pm is the latent period at the start of conditioning. 
For extinction, equation (8) becomes 


P У = Kr à D* 
PR Kier. (11) 
In this expression, Ру represents the asymptotic value of P, 
and K’ = PE where P; is the latent period at the begin- 
ym Pl i ; 


ning of extinction. ij Kis 
Finally, for spontaneous recovery, based on equation (9), 

-we observe that 
log P = — Kit + log Po, (12) 


an expression in which P, is the latent period of the threshold |. 


response. 
In testing the agreement between data and theory it is - 
well to start with a consideration of spontaneous recovery. 
This is due to the fact that the function in equation (3) which | 
Tepresents this process is the most uncertain and hence a 
critical test is required. Equation (12) tells us that log | 
. latent’ period should vary with time allowed for recovery 
according to a linear relation with negative slope, and refer- . 
ence to Fig. 4 indicates that this is indeed the case for intervals { 
not exceeding six or seven minutes. For longer times the. 
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relation does not hold, and we must accept the fact that (12) 
‘is at best a reasonably good approximation. However, the 
approximation allows us to predict some of the characteristics 
of conditioning and until greater accuracy is required we may 
accept the description with a fair degree of confidence. 
The agreement between data and theory for acquisition is 
shown in Fig. 64. The curve drawn through the data repre- 


LMS anid sone a= ОБ 2: д 6 
TRIAL 


Fic, 6. 4. The data for acquisition fitted by the curve of equation (10), The 
values of constants are as follows: C = 1.3; Pa = 2.5; К = 0.125; and Pm = 22.5. 
“В. The data for extinction fitted by equation (11). Constants have the values: « 


¢ = 1.2; Pr = 30; and K' = 1.09. The points are the averaged values for Groups 
A and B. 


sents equation (10); the filled circles are experimental points 
and the open circle is the calculated value of P,. This latter 
point indicates the ‘true’ beginning of learning. In these 
terms, the experimental point for the first trial must be con- 
sidered to be simply a function of the ‘exploratory drive’ 
of the animal before learning has started. Conceptually, the 
decrement in latent period between trials one and two is due 
to the increment in effect taking place between the termination 
of trial one and trial two. Thus, it is as if, at the termination 
of trial one, the animal had received an amount of condition- 
ing which would have been indicated by a latent period, Pm. 
dn the light of this idea it is clear that the data of acquisition 
are adequately fitted by the theory of equation (10). 

Figure 6B represents extinction, The line through the 


2 i 
* * 
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data is constructed from equation (11). "The fit is not perfect, 
but it does represent the nature of the effect in an encouraging 
way. A number of factors will have to be examined in more 
adequate detail, but even now we may accept the hypothesis 
as providing a fairly exact and definitive account of extinction. 


Some Further Considerations 


The theory of conditioning presented accounts for a 
number of essential processes. It is clear, however, that a 
final statement will have to consider some effects which are not 
dealt with in the present discussion. The problem of reten- 
tion is one of these. For the present we may consider reten- 
tion as being a long-time process whose effects are negligible 
for the periods under discussion. Ultimately it will be neces- 
sary to consider the quantitative effects involved, perhaps as 
parameters of the present hypothesis. 

The problem of spacing of trials will no doubt be important 
in developing greater precision. This is due to the fact that 
Su and se, ‘the average stimulating effects of S, and S. in- 
crease for constant S, and S, as the interval between trials 
decreases. . The effects due to variation in these terms may 
be marked, and further experimental test will be required in 
order to evaluate their contributions. 

It should be re-emphasized that the expression for spon- 
taneous recovery, equation (9), is only a satisfactory approxi- 
mation. On regarding the model of Fig. 5 we may observe 
that as 4 is built up it may serve as a reservoir for e. With 
continued and rapid stimulation, particularly at the final 
steady level of acquisition, i may be present in excess and 
thus may give rise to a later excessive spontaneous recovery. 
This effect might appear in a subsequent extinction curve as à 
Tapid initial increase in R followed by a decline, In this 
way we should have an effect which parallels the one obtained 
by Hovland (5) in the extinction of the galvanic skin reflex. 

€ more exact quantitative relations required to account 
for this have not as yet been worked out. 

Finally, we should point out that, according to our ideas, 
the final level of extinction is an equilibrium between spon- 


x 
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taneous recovery and a process of decreasing excitation which 
opposes it. This may be the case, and indeed it seems likely, 
but it will be worthwhile to examine the characteristics of 
the final state of extinction in greater detail at some later time. 
We wish to express appreciation to Dr. H. K. Hartline of 
the Johnson Foundation, University of Pennsylvania, and 
+ Professor Harold Schlosberg of Brown University for many 
fruitful suggestions. Professor Gregory K. Hartmann, now 
of the Physics Department, University of New Hampshire, 
and Mr. Leonard McFadden of Brown University have con- 
tributed greatly to the clarification and final form of the 
appendix. 
SUMMARY 


I. This study has been concerned with an analysis of the 
changes in strength of a conditioned operant response which 
occur as functions of reinforcement, non-reinforcement, and 
spontaneous recovery. The apparatus consists of a simple 
runway, at one end of which is a starting-box and at the other 
end, a food-box. The measure of response which we have 
, used is termed the latent period. This is defined as the time 
taken by the animal to leave the raning boz before traversing 
the runway to food. 

2. The latent period for КУО male white rats was 
measured in fifteen reinforced trials, with a constant interval 
of 75 seconds between successive trials. A curve of acquisi- 

' tion is presented, revealing a response which begins with a 
log latent period value of 1.85 (corresponding to 71 seconds) 
and falls off with negative deceleration to reach a log value of 
0.45 (2.8 seconds) at the fifteenth trial. The curve exhibits + 
a nine-fold change in latent period from the second to the 
fifteenth trial. 

3. Changes in the latent period of response during extinc- 
tion were recorded in forty-one rats, the trials being spaced at 
the same constant 75-second interval as in acquisition. The 
process of extinction is depicted in a curve showing the change . 
in latent period of responsé during five unreinforced trials. 
This curve begins at a log latent period value of about 0.40 | 
(2.6. seconds) and rises with negative acceleration to a log 
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$ 
value of 1.33 (21 seconds). Thus during extinction the mag- 


nitude of the latent period increases in the ratio of nine to one. 

_ 4. Spontaneous recovery of the response was measured 
after extinction had proceeded to a criterion of а 3-minute 
‘latent period. Recovery was tested in twenty rats, five at 
each of four recovery intervals of. no stimulation. The 
intervals used were I minute, 3 minutes, 6 minutes, and 10 
minutes.’ The progress of spontaneous recovery in these 
intervals is shown in the form of a graph. Recovery is rapid 
during the first three minutes, but after 6 minutes the rate 
decreases rapidly. The recovery after 10 minutes is not 
complete, as indicated by the fact that the latent period is 
still of the order of 35 seconds. 

5. A theoretical discussion of the results is presented. 
This considers changes in an internal condition of excitation 
which may account for a number of the processes involved in 
conditioning. 


(Manuscript received August 1, 1939) 
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E APPENDIX 
` A. Acquisition 
Equation (6) states that 


dR 
PRU (Ki + Ks — K2R)R. 


Suppose that learning has started before the experiment so 
that R at the first trial is not zero. Or, alternatively, sup- 
pose that the first few trials do not contribute directly to the” 
acquisition, but only to the animal’s adjustment to the ex- 
- -perimental apparatus. After m trials (positive or negative) 
acquisition may commence and at the end of these trials the 
response is Rm. If we disregard the first m trials and take 


R = Rn when t = ta, the above differential equation has the” 
solution: 


wy = 7 a eC Ext Ka) (ttm), 
where 
M r Ki +K: 
S A E; 


A ў 
This 15 equivalent to 


R = (4 — В) 7 = gc K9) 7t) 


R [ r+ ae estais | СУРУ ЧА 


АКЕ 
The latter equation may be written 


DAR. gr Ka) (ttm) 
A= Rn 


R 


р = ee 

М i 

I ——$*— (Kit Ks) (ttm) li 
F AERAN 


A Rye Et E ttm) 


= ЖЕЕ, лена (Ar) 

If a given trial, n, occurs at time £n, then the process which 
takes place between that trial and the succeeding trial n + І 
will take place within the interval, tn41 — tn. Since the trials 
are equally spaced throughout the experiment the interval 
ta}1 — t, is constant and may be termed At. By equation 
(Ar) the response at the (m + n)th trial, i.e., for t = tmn, is 


* 


AR, el E+ED Unc | 
Rmin = —— p Lp EIL 5 (A2) 
A — Rn + Rue GER nen tn 
and since the time intervals are of constant length, At, we can 
жге tnin — tm = nAt. Thus, equation (A2) becomes 


n(Ky+Ks)At | #24 
ат NC 


It is to be observed that lim Ё, = 4 in equation (Аз), 
noo 


ог Rmn approaches 4 asymptotically. If we write elr F KDA 
= C, equation (A3) becomes 


OT NE $ үз 
: ЯРДЫ = КС , А (А4) i 
Where 
Rn А 
(турш j ; 
- э Lg i 


ae 
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B. Extinction 
Extinction is described by equation (6) with Ki = o, i.e., 


= (К, -— K.R)R. 


Taking the response Ri at the first trial д of extinction we get 
the solution 
R R 


1 
- POSEE ека), 


where 


This may be resolved by the method used in part 4 of the 
appendix to 


R аек: 
: тт — Ri Rene ` 
Accordingly, 
R, hi арек: 7t) 


a= Ri + RyeKaty-to 
арек 


Ста, + Ree (Br) © 


since At is held constant throughout the ае Equa- 
tion (Вт) gives the response as a function of the number of the 
‘extinction trial, p, and the magnitude of the response at the 
beginning of extinction. For certain uses this equation is 
* тоге conveniently handled if it is expressed 

K'co-0 = Ry 

em R, 

à Ri Y \ 
where `` ‘= = км 
K Re and ^ c = ек, 


| , . 0 (B2) 


HEARING ACUITY OF ANIMALS AS MEASURED BY 
CONDITIONING METHODS 


BY S. DWORKIN, J. KATZMAN, G. A. HUTCHISON AND J. R. McCABE 
From the Laboratories of Physiology, McGill University, Montreal, Canada 


In animals—as in man—audiometry involves two main 
problems—(1) presentation of suitable pure-tone stimuli; (2) 
a reliable indication of reception. 

т. Pure-tone Stimuli—The importance of using pure tones 
to stimulate the cochlea is obvious. То generate such tones 


some workers have used a standard clinical audiometer. In. 


its usual form this instrument has two important shortcom- 
ings when applied to animals; first, the inadequate upper 
frequency limit of 8192 cycles; second, the difficulty of holding 
the ear piece with a uniform pressure against the ear. This 
latter is particularly difficult in naturally restless animals. 
To overcome these deficiencies some workers have installed 
audio-oscillators of greater frequency and intensity ranges, 
and adopted conventional loud-speakers to convert these 
frequencies into sound. This procedure brings up the very 
complex physical problem of maintaining a known sound 


field about the head of an animal subject. Absolute calibra- | 


tion of such a sound field would be a formidable task for the 


ordinary animal laboratory. Fortunately, a good substitute 


is available and has been used by several workers (cf. Wendt, 


12); one proceeds first to determine the instrumental settings . 


for a series of hearing thresholds in young human subjects, 


then converts these instrumental readings into real sound —— 


units by referring to the curves published by such workers as 
Sivian and White (то). pa 


The manner in which the tone stimuli are presented isim- 


portant. Properly, such tests must be carried out in silence 

rooms, where the noise level is very low, and even a faint 

sound assumes large stimulation-value. At the same time— 

whether due entirely to the effects of the weak stimuli em- 
s " j 281 
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ployed, or in part to the unnatural surroundings—the general 
excitability of the subject is heightened (see below). Some 
adventitious sounds which might under ordinary circum- 
stances pass unnoticed can therefore elicit responses. A 
common source of trouble is the click which occurs whenever 
the sound is turned on by quickly breaking a short-circuit 
across the speaker leads. Wendt (12) has called attention to 
a different click—this one, intra-aural in origin—which occurs 
whenever the tone is turned on rapidly, by whatever means. 

2. Conditioned Responses as Indicators of Reception.— 
It is noteworthy that among workers who have tested hearing 
by a training technique the original Pavlov salivary method 
has been almost wholly abandoned.! One reason, of course, 
is that saliva cannot be readily measured in animals as small 
as the guinea pig, monkey, or cat. Every worker has de- 
vised his own version of conditioning, and some of the modi- 
fications are far removed indeed from the original Pavlovian 
procedure. Wever (13) in the cat, Upton (тт) and Horton 
(9) in the guinea-pig, conditioned the respiratory movements 
to a tone-shock combination. In these researches the sub- 
jects were securely fastened in a cradle-like holder. While 
this procedure served the useful purpose of keeping the 
animal’s head fixed in the sound field, it apparently did not 
evoke the strong natural reaction to restraint which Pavlov 
calls the ‘freedom reflex’—and which can play havoc with the 
progress of conditioning. Culler and his associates (2) em- 
ployed, for the most part, a motor reaction (flexion-reflex to 
nocuous stimulus, as used extensively by the Liddell school). 
They have introduced one interesting innovation—occasion- 
ally the shock (reinforcement) is replaced by the sound of a 
buzzer. Elder (7) has devised for the chimpanzee a complex 
motor-alimentary method in which the animal is trained to 

1 Attempts to apply the salivary technique to audiometric tests in dogs were first 
made, by С. Е. Sutherland in this laboratory. The data obtained, not hitherto pub- 
lished, indicated a frequency-intensity curve similar to that of man. In the course of 
these, and later studies carried out by one of the present writers, it became apparent 
that the salivary method was in some respects unsuitable when the dog was con- 
fronted with stimuli of threshold value. In some dogs salivation ceased entirely, and 


could not for some time thereafter be elicited by any strength of stimulus; in others it 
became continuous and profuse. 
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respond first to a ‘ready’ signal by waiting expectantly, then, 
at the onset of a tone-stimulus, to press a key which pro- 
vides food. Wendt (12) used a similar response-method in 
monkeys. 

'The above-described modifications of the Pavlov method 
were justified to a large-extent because, as Elder (7) remarks, 
selection of apparatus and methods in animal experiments 
should be determined to a great extent by the type of subject 
used. Yet it is worth while emphasizing that the inherent 
value of the Pavlov method lies not so much in the collection 
of saliva as in the rigorous conditions under which the experi- 
ments are performed. Among its outstanding requirements 
are: (1) complete isolation of subject from observer; (2) 
observation of proper time intervals between successive 
stimuli so as to allow wearing-off of positive and negative 
induction; (3) use of more than one form of sensory stimula- 
tion; (4) simple and direct relationship between the stimulus i \ 
and the reinforcement. If these features are important in 
studying the effects of ordinary stimuli, they assume a far 
greater role when one seeks to determine presence or absence 
of response to stimuli of liminal strength. à 

For testing hearing of cats, Dworkin, Sutherland and 
Seymour (4) have described a method which combines most 
of the above-mentioned features with a suitable index of 
reception—namely, lifting the lid of a food container. In 
the first experiments with this method, cats were subjected to 
à preliminary training in a small box, then to a finer training 
in a sound-proof room. Now the entire training is done in an 
improved sound-proof room, and, with further refinement of 

_the audiometric apparatus, the method has also been applied 
to the testing of the dog's hearing. While the new procedure 
has been mentioned in a previous account of hearing in normal 
and abnormal animals (Davis, Dworkin, Lurie and Katzman, 
3) it has hitherto not been published in detail. The object 
of this communication is to describe the testing procedure in 
use at present—with reference both to the production of the 
pure-tone stimuli and the suitability of the motor-alimentary. 

; response. ‘The frequency-intensity curves of cat and dog, 
compared with that of man, are also described. 
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1. General Equipment—The plan of the conditioning laboratory followed that 
specified by Pavlov. Separate chambers were provided for the animal and for the 
observer. The animal’s chamber was adequately sound-proof? The internal di- 
mensions of the animal’s compartment were 7% feet (height) X 7% feet (length) X44 © 
feet (width). ; 

Within this compartment a cat was enclosed їп а wire cage, made of one inch 
mesh. The dimensions of this cage were 24 inches (length) X 12 inches (width) X 16 
inches (height). ‘The cage was large enough to permit a cat to turn about, but small 
enough to prevent free wandering. This cage was placed upon a table-top, the latter 
in turn mounted upon a massive cast-iron base. "Тһе dog subjects were placed directly 
upon the table, and held in position by a light harness. 

Beneath the front end of the table was the food-carrier which consisted of a re- _ 
volving tray supporting eleven food cups. This device is shown in Fig. 3. Access to 
the cups was provided by a hole cut in the edge of the table. The hole was covered by 
a hinged lid, which the animal must raise to obtain the food. 

Two sound transmitters, comprising high- and low-frequency speakers, were 
mounted on a steel rod, set in a slab of concrete. The height of each speaker was 
adjustable and the usual practice was to place the centre of the speaker at the level 
of the subject’s head, and 15 inches distant. Тһе concrete post also supported various — 
lights, bells, and buzzers. The interior of the animal’s compartment is shown in 
Fig. 1. : 

Part of the observer's chamber is shown in Fig. 2. Through a camera obscura 
set in the thick stone partition, the subjects could be viewed at all times. "The specific 
responses (opening and closing of the lid), as well as the occurrence of the stimuli, 
were recorded on a kymograph. The audiometer and other apparatus used for measur- 
ing the tone-stimuli were mounted on two relay racks, entirely separate from the 
electrical apparatus used for producing other signals, recording etc. 

2. Production and Measurement of the Pure-tone Stimuli—Our animals were 
tested at 8 or 9 of the following frequencies: 100 cycles per second, 200, 400, 1000, 2000, 
3000, 5000, 8000, 10,000, 14,000, 16,000. These frequencies were generated by means 
of a low-frequency battery-operated oscillator (General Radio Type 377B). То con- 
vert them into sound, we used a permanent-magnet dynamic transmitter for the low, 
and a high-frequency unit activated by a 6 volt field, for the high pitches. 

The following apparatus was used to control the intensity: a power level meter, a 
calibrated audio-frequency amplifier and an attenuation network (General Radio 
Type 249T). These instruments were so arranged that any one could be plugged in 
at any part of the circuit. 

The intensities of our sound fields were measured by several different and for the 
most part indirect methods. First, hearing thresholds were determined in a group of 
30 young men and women with excellent hearing, and the instrumental settings at each 
point (decibels below a constant output of 6 milliwatts) converted into actual sound 


2 The walls were of brick, varying in thickness from 18 to 28 inches. ‘The inside 


lining was of composition board and 1-inch absorbing felt. 'The heavy construction 
was good enough to keep out the loudest air-borne sounds met in the immediate sur- 
roundings. However since the laboratory was otherwise in immediate contact with 
the floor and ceiling of a large building, some of the building-vibrations were able to 
pass through. In particular, a neighboring elevator and loud footsteps overhead could 
be perceived. These extraneous stimuli were recorded, in relation to observed changes 
in the subjects’ behavior. 
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Fre. 2. The observer's chamber in the conditioning laboratory. On the table 
at the right are to be seen the kymograph and the general control panel, which contains 
the switches for the rotary feeder as well as all signals except pure tones. The audiom- 


eter and auxiliary apparatus are shown at the left. The camera is outlined in white. 


b ; he Bell Telephone workers referred to previously. 
"The differences in amount of attenuation needed for the animal thresholds were added 
to or subtracted from these settings (db. attenuation), The validity of the latter part 
of the procedure would depend on the following factors: constancy of power output, 
constancy of attenuation, the known Tatio of power input to sound output in the 
speakers, ‘These factors were controlled in a number of ways: (1) by measuring the 
current entering the speakers; (2) by picking up the sounds themselves with a carbon- 
type microphone and calibrated amplifier; (3) by placing a Rayleigh disc in the sound 


| 
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field and noting the actual sound pressures. 1t should be stated that the first method 
was suitable for all the intensities; the latter two only for the greater intensities. 
"The use of the Rayleigh disc was further limited to the 2 frequencies of 1000 and 3000 
cycles. 

Considerable difficulty was met in our attempts to attenuate the frequencies 
above 3000 cycles. In the case of 5000 cycles, for example, even full attenuation 
(110 db.) of the original current still induced enough sound to elicit responses in the 


Fic. 3. The rotary feeder. The food cups are set оп a turntable. The latter 
15 turned by gravity when a holding magnet is de-energized, and stopped at each feed- 
ing-(positive) stimulus automatically by means оба timing relay. 


Cats. These responses occurred not during the early tests of thresholds, but only after 


‚ the subjects had been exposed repeatedly to sounds of near-threshold or threshold 


Strength. То eliminate these faint high-pitched tones, elaborate means were taken to 
insulate, shield and ground the audiometer and its connections. As a further step 
Special transformers were built to match line and speaker impedances at the various 
frequencies, 

Three different procedures were used ‘to ensure a smooth onset and cessation of the 
Pure tones, as well as to prevent simultaneous clicks and other adventitious sound- ` 
stimuli. In one, the output potentiometer of the oscillator was driven mechanically at 
a uniform rate by attaching it to an automatic telephone dial. This driving device is 
shown in Fig. 4. A second procedure was to drive the potentiometer in the feed-back 
circuit by another telephone dial. In the third method, the filament of an intermediate 
amplifier was lit and extinguished by use of a simple key. The near-threshold, thresh- 
old, and sub-threshold stimuli were presented repeatedly by all three methods. 

3. The Training Procedure.—The raising of the lid (Dworkin, Sutherland and 
Seymour, 4, Dworkin, s, 6) is not a true reflex; nevertheless with sufficient training it 
becomes very firmly established. Indeed the writers, and separately Winslow, Kantor 
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and Warden (14) have used this response to study many aspects of conditioning in 
general. 

In the cat, from the first training, the time needed to measure hearing acuity 
varies from 3 to 6 months. The dog is apt to be somewhat refractory—especially 
during the early training, and may require a longer time. All of the training is done 
in the sound-proof room. For subjects young adult animals are. preferred. 

At the start, a cat receives a milk diet only for 48 hours, and is then taken to the 
cage within the sound-proof room. The observer remains in the same room as the 
animal during the first 3 to 4 training sessions, each session being of 40 to 60 minutes 
duration. 

The hungry animal is allowed, immediately, to pick up several small pieces of 
meat dropped on the table just in front of the food lid. Later the observer holds the 
lid open and trains the cat to pick the small meat portions out of the food cups. In the 
next stage the cat learns to pry open the lid and hold it up with its head while it pro- 
ceeds to lift the meat out. At the beginning of the 2nd training period most cats have 
learned to work the lid continually, and, to prevent extinction of this early training, 
care must be taken to provide a feeding every 60 seconds. During the 3rd training 
period the meat pieces can be delivered by moving the rotary feeder by remote control. 
The sound caused by the movement of this feeding device itself provides a stimulus for 
raising of the lid. When this response is established, the observer may leave the animal 
alone in the sound-proof chamber and take up his post in the control chamber. 

At the third or fourth session a quiet bell or buzzer is sounded, at 1 to 2 minute 
intervals, and the feeder is moved from the control room some 2-5 seconds later. The 
number of ‘responses’ at this stage far exceeds the number of stimuli, and during this 
early training it is difficult to find any relationship between the responses and the 
Signals. "This furious activity subsides gradually, and definite evidence of conditioning 
appears at the 20th to 3oth trial. It is advisable to let the excessive responses disap- 
pear spontaneously, rather than to punish the animal for ‘wrong responses. In our 
experience with the cat, physical punishment results in permanent inhibition, which, 
of course, renders the animal useless for further work. Complete subsidence of ex- 
cessive activity occurs, as a rule, in 14 to 20 days in the cat. In the dog excessive 
responses are not a very prominent feature, and disappear during the early training. 

When the early excessive activity has disappeared and the animal responds 
promptly to a bell or buzzer signal, training is begun to a light-stimulus. The purpose 
of the latter form of stimulation is to test the general irritability of a subject that may 
cease to respond to an auditory stimulus. It is only after the animal responds readily 
to bell or buzzer and a light, that pure-tone stimuli are introduced. Any frequency 
between 400 and 5000 cycles may serve as a start, at a loudness of about 40 decibels 
wn threshold. A typical order of sequence of the stimuli at this time would be 
as follows: 


Time Stimulus 


. Weak bell 

White light 

. Tone, 2000 cycles 

. Tone, 2000 cycles 

Tone, 2000 cycles 

Tone, 2000 cycles М 

White light È 
Tone, 2000 cycles 

- Tone, 2000 cycles 
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Conditioning to pure-tone stimuli at this stage of the training proceeds smoothly and js 
characterized in the cat, but not in the dog, by wide generalization. This means that 
once a cat responds promptly to a tone of 2000 cycles it will thereafter respond almost 
às promptly to each of the other frequencies used. In the dog additional reinforce- 
ment may still be needed to establish responses to the higher and lower pitches. А 

From this point, exploration of the hearing thresholds is a matter of reducing, in 
gradual stages, the intensity of each of the frequencies used. А typical experiment in 
which this was done is as follows: 


Latent Period Latent Peri 
Time Stimulus of Conditioned of Unconditioned 
Response, Seconds Response,! Seconds 
9:00 White Light 5 I 
9:03 3000 + 30 db. 2 1 
9:06 3000 4- 20 db. 2 : 
797 3000 + 10 db. 5 7 
9:09 3000 — io db. — Not fed 
9:10 / 3000 + 15 db. 3 2 
9:12 3000 + sdb. — 3 
93157-9 3000 — 5 db. 5-7 1 
9:18 3000 + 20 db. I-2 I 


* By this is meant the response to the movement of the rotary feeder, which is not 
only heard but perceived through tactile stimulation. 

As regards proper time intervals between successive trials, the following periods 
have been found to give optimum results: 1, for the first training, with the observer 
in the same room as the animal, 15 to 60 Seconds; 2, in the first training with the ob- 
server in his own compartment, 30 to 75 seconds; 3, when the first tone-stimuli were 
tried, I to 2 minutes; 4, in the final threshold determinations, 2 to 5 minutes. However, 
m practice the optimum time intervals proved to be different for different individuals. - 
Thus some cats tended, consistently, to pry the lid open spontaneously after a wait of 
1% minutes; others, after an interval of 3 minutes. Further, some animals tended, 

; just as consistently, to be inhibited if compelled to wait more than 1} minutes after 
a stimulus of doubtful intensity (which did not elicit a definite response and was there- 
fore not re-inforced); while most of the other subjects displayed excessive activity. 

£ Preliminary or ‘warning’ signals were tried in some of the early experiments, but 
did not accelerate the training nor reduce the amount of excessive activity. They 
were therefore abandoned in all subsequent tests. 


For each frequency it required, at first, several days to 
establish a definite threshold. Later one to two days were 
sufficient. Since the different frequencies were tested in turn, 
this part of the training took a usual time of between 6 and 
12 weeks. : 

A constant finding was that thresholds established in the 
early tests were higher by from 5 to 25 decibels than those ob- ` 
tained after repeated trials. The lowering of the thresholds 
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was apt to occur suddenly rather than gradually, at about the 
time that a characteristic state of neuromuscular hyperten- 
sion was evident. On direct observation, the cats were seen 
to hold their limbs rigidly, and to make sudden sharp move- 
ments of the head or body usually in a forward direction. 
When an audible signal occurred, the animals suddenly leaped 
toward the food container. When the tone-stimuli were of . 
threshold strength, definite disturbances of the hitherto 
smooth behavior were noted in many subjects. "These dis- 
turbances varied from occasional false responses to great 
hyperactivity. Rarely, a complete, though temporary in- 
hibition of the lid-lifting response supervened. An account 
of these reactions is being published elsewhere. One result 
of tlie exaggerated tension was that the cats were certain to 
respond to every stimulus present, regardless of the source. 
While those stimuli which arose outside of the laboratory were 
kept out by the sound-proof walls, there was no way of 
preventing stimulation by the sounds of the animals’ move- 
ments whether muscülar contractions or rubbing of the fur, 
or impact of the feet and body upon the floor and walls of the 
enclosure. It was interesting to find that our human sub- 
jects had much less difficulty in determining the presence or 
absence of the pure tones. It would seem that the latter 
learned early to discriminate between the proper, and such 
adventitious sounds, as may arise; but the sensitive and 
hungry cats seldom developed the requisite inhibition. 

In the cat, the attaining of actual threshold was indicated 
by one of three reactions: (1) lengthening of the latent period _ 
and failure to open the lid; (2) sudden and continued inhibi- 
tion; (3) few, or frequent false or ‘interval’ responses. The 
latter reaction has been seen in the monkey, also during test М 
of hearing acuity, by Wendt (12) and in the dog during similar 
experiments by Culler and collaborators (2). d 

In Fig. 5 are shown typical responses, by 2 different cats, 


_ to tone stimuli that were attenuated in successive trials from 


a loud level to a point where they could no longer be perceived. . 
When, as the result of progressive attenuation of the 
sound, the response failed, the exhibition of a light-stimulus 
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was of value in showing the state of general reactivity. For 
most cats, light is ordinarily a weak stimulus, and usually 
evokes a response after a latent period that is considerably 
longer than that which follows a loud sound or tactile stimula- 


Fic. 5. Records, from two different cats, of behavior in Tesponse to a series of 

pure-tone stimuli. These stimuli are quite loud at the beginning of each of the records, 
and then progressively attenuated until they are no longer perceived. 
i Tn each record, the upper line represents the occurrence of the stimuli, the lower 
line, the responses. Time, between any two vertical lines, is 6 seconds. The actual 
loudness, in decibels above the average threshold for the particular frequency, is stated 
for each tone-stimulus. The black dots mark the presentation of the food. 

i In the case of the first cat subject, as the stimulus becomes weaker, the latent 
period of the response becomes longer, until it fails entirely. A subsequent louder 
stimulus elicits a good response. Note also the occurrence of interval or false responses 
between successive presentations of stimuli of doubtful strength. 

In the second cat, the lengthening of the latent period is again seen as the tone 
becomes more difficult to hear, However there is very little interval activity. The 
actual threshold in this instance is about ten db. above the average for the 1000 fre- 
quency. Note the inhibition in the last trial, when a stimulus that has previously been 
strong enough to evoke three responses is ineffective. 


tion. But during the threshold tests even a weak light as- 

. sumed powerful stimulating value, for now the latent period ` 
was reduced to 1 or 2 seconds. The changed significance of 
the light stimulus is shown in the following two experimental 
protocols: ў 
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Tue Response or Car 37 To STIMULI or DIFFERENT INTENSITIES * 
. Latent Period | 
Latent Period of Unconditioned - 
Time Stimulus of Conditioned nse, Seconds 
Response, Seconds (see previous 
footnote) 
June 19, 1937 
2:29 White Light 8 172 
231 Bell 2 12 
2:35 3000 4- 50 db. 2 1-2 
2:37 3000 + 40 db. 3 1 
2:40 White Light 4 1 
241} Buzzer I 1-2 
| 2:45 3000 + 30 db. 2 2 
2:47 Bell 3 Т 
2:50 White Light 5 5 
Sept. 11, 1938 


2000 + 30 

4 2000 + 20 
2000 + 20 

i 2000 + 10 

$ 2000 — 5 

20004 5 

1:28 White Light 

1:30 2000 + 10 

1:33 White Light 
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In animals in which false responses became so frequent 
as to make it impossible to correlate any of the responses with 
the known sound stimuli, the day's experiments were dis- 
continued. When testing was resumed on the next day, the 
first 3 or 4 trials proceeded well, but the subsequent tests 
were disturbed by more and more interval activity. Some- 
times these excessive responses could be quelled simply by 
introduction of a strong stimulus, as noted by Culler and 
collaborators (2). In some subjects a rest of from several 
days to 3 weeks was necessary. Occasionally the amount of. 
the interval activity could be controlled by feeding the animal 
just before the beginning of the test period. 27 

The question of reinforcement of the weak-tone stimuli 
was at first a difficult one. In the more recent experiments 
the practice has been to present food when the tone, regard- 
less .of its intensity, was followed by a definite response. 
Further, when the intensity of the tone stimulus was 10 db. ih 
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below the average threshold and the animal did not respond, 
food was presented at two successive trials after twenty 
seconds’ presentation of the tone, but not thereafter. 

Of seven dogs which served as subjects in some of these 
tests only two lasted long enough for establishing of audio- 
grams; four developed serious behavioral disturbances. Be- 
sides two dogs, nine cats were able to go through the entire 
training procedure without apparent behavioral disturbances. 
In these 11 animals a complete set of frequency-intensity 
relationships was established. In 24 other cats definite 
thresholds ‘were obtained for several, but not all, of the fre- 
quencies mentioned. The average figures, as shown in 
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) Fic. 6. The sensitivity curves of dog and cat, compared with that of human sub- 
jects. Ordinates represent intensity in decibels; the reference point—o db.—is that of 
the most sensitive threshold in man, that at the frequency of 3000, Abscissae repre- 
sent frequencies in cycles per second, 


Fig. 6 represent a minimum of 5o determinations in cats, and 
6 determinations in dogs, at each frequency. 

“In a few cats it proved, despite the many precautions 
taken, impossible to arrive at any definite thresholds for 
frequencies between 1000 and 14,000 cycles. Without show- 
ing any special disturbance of the general behavior, these 
subjects simply responded to tones that were attenuated to à. 
point far below the average thresholds. These responses 
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occurred only when the (attenuated) tone-signals were turned 
on, and must therefore be attributed to some unknown ac- 
companying sound. Ў 

Figure 6 shows the average hearing thresholds of dog and 
cat, as compared to those of man. It will be noted that at 
the lower pitches the curves are quite parallel; but at the 
upper pitches the animals’ hearing is considerably more acute, 
There is a further difference between human and animal 
hearing in that the most sensitive point for the former is at 
the frequencies of 2000 to 3000 cycles, while for the latter 
subject it extends from 3000 to 8000 cycles. -At 10,000 
cycles the animals hear better by about 15 db., while at the 
upper limits of 14,000 and 16,000 the animals’ superiority 
amounts to between 20 to 25 decibels. In the main these 


results agree with the findings of Wendt (12) on monkeys. 


and of Elder (7, 8) on chimpanzees. However, both of the 
latter workers report a marked loss of sensitivity at the 4096 
frequency, a point not borne out by the present research. 
‘Elder also found a difference in intensity level of about 25 
db. between the human and chimpanzee curves at each 
' frequency except one, but believes that his human subjects 
with opportunities for practice equalling those of the chim- 
panzee would show thresholds similar to those of the latter. 
Whether the superior hearing of the animals at the higher 
frequencies is real is an unsettled question. Indeed the whole 
problem of the upper frequency limit of hearing in animals 


calls for further clarification on the instrumental side. Elder | oe 


(8) reported that his chimpanzees could hear frequencies of 
26,000 to 33,000 cycles, a range of audibility far beyond that 
of his human subjects (though not of young children). 
Andreyev (т) found an upper frequency limit in the dog of 
between 36,000 and 38,000 cycles, One of the present 


Writers (S.D.) has compared perception of high frequencies 2n 
by cats and human subjects when different types of loud | 


speakers were used. Invariably, as the frequencies were in- 


creased, human hearing failed before the animals’. While... 


the physiological response was definite, no final conclusion 
can be drawn from these tests without knowing the nature of 


= 
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the sound stimulus that came out of the transmitters at these 
frequencies. i 

As regards constancy of our thresholds, day to day dis- 
crepancies of plus or minus 10 decibels were common, and 
at times our cats’ thresholds varied by as much as 15 decibels, 
Considering the fact that we left our sensitive cat subjects 
quite unrestrained with respect to head and body movements, 
these discrepancies are to be expected. It happened that 
with persistent training our cats learned not merely to take 
up a position over the food-lid, but to remain just there for 
rather long periods and even to explore the sound field for 
themselves by rapidly moving their heads. Animals which 
moved about excessively during the early training periods were 
discarded. i 

As regards the comparative suitability of dog and cat-as 
subjects, we would say that for mere determination of the 
presence or absence of sound perception, the cats were much 
better. In the cat the inhibitory functions were weak, and 
seldom dominated behavior; this species also was curiously 
indifferent to most external stimuli, and, once trained to 
respond to one frequency responded quite readily to others ` 
with little further training. Failure, on the experimenter's 
part, either deliberate or accidental, to reinforce some of the. 
stimuli of doubtful loudness might produce serious behavioral 
disturbance in the dog, but left the cat quite unaffected. 
It should be added that, where one is concerned with prob- 
lems of tone-discrimination, the dog would be preferable, 
because in this subject inhibition can be more readily estab- 
lished and better retained (of. Dworkin, 5). 


SuMMARY 


With the use of the motor-alimentary conditioning method, 
dogs and cats were trained to respond to pure tones. Ul- 
timately thresholds were determined for 8 or 9 different 
frequencies between 100 cycles and 16,000 cycles, inclusive. 
The minimum audible fields were also compared with those of 
a large group of young human adult subjects. The sensi- 
tivity curves of both animal species were almost identical. 
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As compared to man, there were two main differences. In 
the animals, the most sensitive point was between the fre- 
quencies of 5000 and 8000 cycles, as against 2000 to 3000 
cycles in man. Secondly, the animals’ hearing was con- 
siderably more acute at frequencies above 5000; thus, at 
14,000 to 16,000 cycles it was superior by about 25 decibels. 
Unquestionably the upper frequency limit of hearing is higher 
in animals than in man. The problem is, however, com- 
plicated by lack of data on the performance of sound-trans- 
mitters at high frequencies. 
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| AN EXPERIMENTAL INVESTIGATION OF PAVLOV’S 
Ў CORTICAL IRRADIATION HYPOTHESIS ! 
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University of Wisconsin 


Pavlov and his students first reported the initial general- 
ization'of a tactile conditioned response (11). Generalization 
was evidenced by a. progressively decreasing magnitude of 
response as the points of stimulation became increasingly 
remote from the point conditioned, The decrease in mag- 
nitude of response was referred to as a generalization gradient. 
To explain this gradient, Pavlov postulated a wave-like 
spread of some excitatory process across the cerebral cortex. 
This spread across the cortex was called irradiation, while the 
| opposite process, in which the excitation receded and became 
gradually limited to the cortical representation of the primary 
conditioned stimulus, was called concentration. The phase of 
concentration was reported to follow irradiation. $ 

The initial objection to Pavlov’s theory of cortical irradia- 
f tion was voiced by Denny-Brown (3), who stated that the 

: assumption was not necessary if one assumes that a response 
| is conditioned only to the general properties of the substitute 
* stimulus until another stimulus is negatively conditioned to 
|... eliminate these general properties. 

p In a critical review of several experiments reported by 
| Pavlov (тт, Lecture IX), Loucks (9) pointed out that the 
experiments which Pavlov cited failed to demonstrate irradia- 
tion and also failed to demonstrate the existence of a general- 
ization gradient. Commenting on an experiment by Anrep 

1 This experiment was carried out at the University of Wisconsin during the summer 

of 1939 and was supported in part by a grant from the graduate research fund for 


19 39-40. The writers wish to thank Dr. Harry Е. Harlow for assistance in the formula- 
- tion and preparation of this paper. $ 
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(тт, pp. 162-164), Loucks admitted that it showed a gradient, 
but he questioned the validity of Anrep's technique of tactile 
stimulation. Moreover, he doubted the completeness with 
which Anrep reported his data. ' 

In an attempt to clarify some of the points in question, 
Bass and Hull (2) studied the generalization of a tactile con- 
ditioned response in man. 'The summarized data of this 
experiment gave a clear-cut generalization gradient. Loucks 
(10), however, pointed out that no irradiation had been 
demonstrated in this experiment and distinguished sharply 
between cortical irradiation, the progression of a wave of 
excitation across the cortex, and the existence of a compara- 
tively static generalization gradient. In the present paper 
Loucks’ usage will be followed in referring to the observable 
gradient as generalization, and in referring to the hypothesized 
brain-state as irradiation. 

Hovland (5, 6, 7, 8), in a series of well executed experi- 
ments, studied the nature of generalization gradients based 

i on varied frequencies and intensities of auditory stimuli, and 
on varyingly located vibro-tactile stimuli. His summarized 
results also demonstrated the existence of generalization 
gradients. Like Bass and Hull, Hovland made no attempt ' 
to prove or disprove the existence of cortical irradiation. 
These authors stated that they did not wish to commit 
themselves to any theory of generalization. 

X. No studies attempting an experimental test of the exist- 
ence of cortical irradiation have come to the attention of the 
present writers. 

PROBLEM 


_ The problem of the present study was to compare the 
gradients resulting from tactile conditioned responses general- 
ized over two bodily areas having quantitatively different 
cortical representation. If the theory of cortical irradiation 
holds, and if generalization gradients are obtained from two 
bodily regions with different extents of cortical representation, 
then the gradient from the region with the greater representa- 
tion will be the steeper of the two. This will be the case be- 
cause the cortical representatives of the points on the skin 
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are farther apart on the larger cortical region, and thus the 
irradiating excitation of this cortical area will suffer a greater 
decrement between points than will occur between corre- 
sponding points on the smaller cortical area. 

The regions selected for the present study were the back, 
from shoulder to waist, and the dorsum of the hand, from the 
tip of the index finger to the wrist. According to Penfield and 
Boldrey (12), the cortical representation of the hand is con- 
siderably greater than that of the trunk. These authors 
examined the somatic sensory and motor representation of the 
cortex by the technique of direct electrical stimulation of 
conscious subjects. In answer to questions submitted by the 
present writers, Dr. Penfield stated that there might be a 
difference between the extent of cortical representation of the 
dorsum and the palm of the hand, but that he and Dr. 
Boldrey had never attempted to distinguish between the two. 

Pavlov assumed that the topography of the skin areas was 
mapped out with reasonable accuracy on the cortex. In 
view of the data available on tactile generalization gradients, 
it is evident that this relationship must exist if generalization 
is to be explained in terms of cortical irradiation. Accord- 
ingly this assumption is accepted for the sake of Pavlov’s 
argument, although it is probably incorrect (cf. the grotesque 
appearance of the homunculus drawn by Penfield and Boldrey 
to illustrate the size and sequence of the cortical areas, 12). ; 


APPARATUS AND PROCEDURE 


The apparatus and technique used in the present study closely parallel those of 
Bass and Hull (2). 

General Technique.—The subject was situated in a room across a hall from the one 
containing the controlling and recording apparatus. The steel cot upon which the 
subject lay was covered by a blanket stretched over a wooden frame, as in the experi- 
ment of Bass and Hull. The cot was located in a corner of thé room, with a wooden 
Screen placed at the head-end in such a way as to prevent the subject from secing 
anything except a portion of the wall and screen. Visual stimuli were thus minimized. 

Interference from auditory stimuli was eliminated by a loud бо d.v. noise screen 
Provided through a pair of earphones, The intensity of the noise screen could be 

‘Tegulated by an ordinary potential divider circuit inserted in the 6o-cycle, 110 volt. 
alternating current line. This was adequate to the extent that the only irrelevant 
Stimulus reported by the subjects was the sound of a class bell. i 

Stimuli Presented.—Each of the conditioned stimuli used in the present experiment 

Жаз provided by a vibro-tactile stimulator of the same type as that described by Bass. 
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and Hull (2). The stimulator consisted of a light solenoid with a freely moving 
metallic core. The core rested on the subject’s skin when the current was off, and 
vibrated against the skin when the current was on. The vibration was at the rate of 
бо d.v. per sec. The source of electricity was similar to the source for the earphones. 
Vibration transmitted through the skin was not perceptible to the fingers at a distance 
greater than 5 mm from the stimulator, The lack of mechanical spread of vibration 
was corroborated by the verbal reports of the subjects. 

The unconditioned stimulus was provided by an induction shock. The electrodes 
were nickel-plated discs about one inch in diameter, strapped to opposite sides of the 
wrist. Current for the shock stimulus was obtained from two one and one-half volt 
dry cells in series and was passed through the primary coil of a Harvard inductorium. 
The leads from the secondary coil crossed to the experimental room and to the shock 
electrodes. The strength of the shock was adjusted so that most of the subjects re- 
ported it to be unpleasant but not painful. 

A signal key was placed on the bench, near the subject’s right hand. By tapping 
this key, the subject could signal his desire to communicate with the experimenters, 

‘The presentation of all stimuli was controlled by the pendulum of a Dodge photo- 
chronograph... The duration of each vibro-tactile stimulus was 435 msec. The shock 
stimulus, when given, was presented 270 msec. after the onset of the vibro-tactile 
stimulus and lasted 190 msec. Thus the shock stimulus persisted 25 msec. after the 
cessation of the vibro-tactile stimulus. К 

Response Recorded.—Aside from the verbal reports of the subjects, the only reaction 
recorded was the galvanic skin response. 

ў ‘The galvanic skin response was measured by the method of Féré. The electrodes 
were two polished silver plates, one inch square. The plates were so attached to a | 
small block of wood that they were about 3 mm apart. The block was held to the 
palmar surface of the hand by a webbed belt. A block of sponge rubber was inserted 
between the belt and the electrode block to insure a constant electrical contact with 
а minimum of discomfort to the subject. 

The glavanic skin responses were recorded photographically by a Wechsler record- 
ing galvanometer (13, p. 59), constructed by the Central Scientific Co. The exo- 
Somatic current was provided by two one and one-half volt dry cells in series. The 

slight beam was maintained on the scale of the galvanometer by a potentiometer which 
varied the voltage across the circuit in which the Subject and the galvanometer were 
in series; The Wheatstone bridge arrangement provided by this type of instrument 
was not used. Calibration before the experiment demonstrated that the deflection 
was for all practical purposes a linear function of the calibrating resistance in series 

» with the galvanometer. During the experiment the resistance in series was the total 
electrical impedance of the subject's skin. 

Five-second intervals were marked on the photographic record by a signal light 
in the timing circuit of a Harvard pendulum clock. "Through a similar signal light, 
operated by a key switch, one of the experimenters marked the nature of the stimulus 
on the photographic record. 

Subjects.—Yhirty-one male students served as Subjects in the experiment. They 
were members of various summer classes in. psychology who had been asked to volunteer 
foran experiment. Only three of the subjects knew anything about the nature of the - 
experiment, and the knowledge of these three was extremely superficial. The records 

of five additional subjects were not analyzed due, in one case, to one of the vibro-tactile 
stimulators coming unfastened and, in the other four cases, to the inadequate function- 
ing of the noise screen. 
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The subjects were divided into two experimental groups on the basis of the place- 
ment of the vibro-tactile stimulators. . These groups are hereafter arbitrarily referred 
to as the Back Group and the Hand Group. д 

Fifteen of the subjects, ranging in age from 19 to 42 (with a median age of 23), were 
members of the Back Group. In this group, the stimulators, placed approximately 
three and one-half to four inches apart, were glued with a rubber-like adhesive about 
two inches to the right of the medial line of the back, starting at the shoulder and con- 
tinuing to the waist, i 

The remaining 16 subjects, ranging in age from 19 to 40 (with a median age of 23), 
were members of the Hand Group. In this group, the vibro-tactile stimulators were 
taped at intervals of approximately one inch, the first one being placed above the distal 
joint of the index finger and the remaining ones extending proximally so that the 
final stimulator was located on the wrist joint. 

Procedure.—Data on the age, weight, height, general health, and previous experi- 
ence with electrical shocks were obtained from each of the subjects as he presented | 
himself for the experimental session. An inquiry was made with reference to whether 
the subject considered himself to be calm or excitable. He was also asked if he would 
object to electric shocks during the experiment. | 

The palmar surface of the hand to which the galvanic skin response electrodes 
were later to be applied was cleaned with a piece of cotton saturated with ether. The 
subject was then taken to the experimental room. Here, members of the Back Group 
were requested to strip to the waist and remove their shoes, In the case of the Hand 
Group it was not necessary that any clothing be removed. 

The subject was instructed to lie prone, with his arms extended beyond the head 
of the cot and resting upon a bench provided for that purpose. In such a position, the 
distance between the hands was approximately thirty-six inches. The subject’s head 
Tested on a small pillow. 

The noise-screen earphones were adjusted to the subject’s comfort. The shock 
electrodes were applied to the right wrist in the case of the Back Group and to the left 
wrist in the case of the Hand Group. 

In addition, in the Hand Group, the right hand rested upon a large block of sponge 
rubber, with the second, third, and fourth fingers extending vertically downward into 
holes bored in the rubber and the extended index finger resting upon the surface. Thus 
the hand was relatively immobile, yet vibrations could not irradiate mechanically from 
one part of the hand to another through the hand-rest. 

After all adjustments of apparatus had been made, the subject was instructed to 
signal the experimenters by means of the telegraph key near his right hand if the shock 
Ог noise screen were painfully intense or in the event that a disturbance of any sort 
should occur. The subject was requested to restrict as much as possible any move- 
ment, and particularly movement of the hand from which the galvanic skin response 
was being recorded. 4 

‘The mechanical aspects of the experiment were directed entirely from the control 
тоот. The vibro-tactile stimulators were designated as A, B, C, and D and the 
Possible permutations for the order of presentation were determined. Twenty-four 
permutations of the type AB CD, BC AD, CA D B, etc., may be derived. Each 
Permutation of four was duplicated symmetrically, so that the vibro-tactile stimulators 
Were activated in the following order: A B CD D СВА, C D B A A B DC, etc. 


Each of these orders constituted a tactile stimulus series. The series were each num- i 
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bered and a different set of five series was used for each subject. The intervals between 
presentations of the stimuli were irregular, and ranged from 10 to 25 seconds. 

Each conditioning series consisted of five shocks paired with one of the vibro-tactile 
stimulators. In the conditioning trials of the Back Group, the stimulator at the 
shoulder was paired with shock in the case of seven subjects, and the stimulator at the 
waist was paired with the shock in the case of eight. In the conditioning trials of the 
Hand Group, half were conditioned to the stimulator at the wrist and half were con- 
ditioned to the stimulator at the tip of the index finger. 

"The sequence of stimulus presentations was as follows: 


I. Tactile stimulus series, pre-conditioning. 
П. Conditioning series. 
III. Tactile stimulus series, test. 
IV. Conditioning series. 
V. Tactile stimulus series, test. 
VI. Conditioning series. 
VII. Tactile stimulus series, test. 
УШ. Conditioning series. 
IX. Tactile stimulus series, test. 


The interval occurring between any one conditioning series and the preceding ` 
or following test series was irregular, the variation being approximately the same as 
that between shocks or between tactile stimulation in any given series. 

- In all instances one experimenter operated all controls. The other was concerned 
only with indicating to the operator when stimulation was to be applied and marking 
the nature of the stimulus on the photographic record. No stimuli were given until 
the galvanometer had ceased ‘fluctuating. 


ReEsutts 


Records were read by one of the writers and later checked 
by the other. In the event of bimodal deflections, provided 
the response was continuous, the greatest amplitude of 
deflection was read. Where there were two discrete responses, 
the first deflection alone was considered. 

The means and probable errors of the galvanic skin 
response caused by the shock stimuli were 8.93 + .89 for the 
subjects of the Back Group, and 7-93 + .78 for those of the 
Hand Group. The units used in this paper are the magni- 
tude of the galvanometer deflection expressed in mm. 

Following Bass and Hull (2), the point to be conditioned 
was designated o, the other points being referred to as 1, 2, 
and 3 respectively in order of distance from o. 

In the pre-conditioning trials, before any shocks had been 
presented, the averages and probable errors of the skin 
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response to the vibro-tactile stimuli at each point were as 


follows: 
Point Stimulated 
o т 2 3 4 
Back Group...... 3-48.47 3.98.55 3.77.38 2.97.42 
Hand Group...... 2.61.40 2.71.30 2.41.30 , 2.69+.35 


The mean differences between the pre-conditioning responses 
to each pair of stimulators divided by their respective standard 
errors were as follows: 


Back Group ` Hand Group 


A positive critical ratio indicates that the difference favored 
the point nearer point o, and a negative critical ratio indicates — 
that the difference favored the point nearer point 3. Thus, . 
the critical ratio of the mean difference between points о and | 
2 of the Hand Group is .35 in favor of point o. These data 
indicate no consistent tendency toward a gradient. " 
The mean galvanic skin response of each subject to each 
stimulator is presented in Table I. These averages are for all 
trials after the initial conditioning series. "The means of each 
subject show few gradients which have no inversions. How- 
ever, this tendency also appears in the data reported by Bass ; 
and Hull (2), and by Hovland (5, 6, 7, 8), and is evidently a | 
characteristic result of the variability of the galvanic skin 
response. $ 
' The means and probable errors of the Back and Hand 
Groups appear in Table I, under the individual averages of 
their respective groups. The critical ratios for the differences 
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TABLE I 


Mean Gatvanic SKIN Responses TO VIBRO-TACTILE STIMULATORS 


Subject 


NO OI OW ROS Dw 


3.26.35 2.97.38 


1.25 1.69 
6.06 


Меап+Р.Е. 


2.60.30 2.54:Е.35 


Each column lists the means of the galvanic skin responses of the individual sub- 
jects for the point stimulated. Column o designates the point reinforced with electric 
shock; columns 1, 2, and 3 represent points at successively distant intervals from point 
p The means and probable errors are based on the taw data summarized in each 
column. x 


between the post-conditioning responses to each pair of stimu- 
lators were as follows: З А 


t SN 


Back Group 
I 2 
o 1.95 1.26 
I — .21 


The increases of the. post-conditioning critical ratios over the 
pre-conditioning critical ratios are due mainly to increases in 
the correlations between the responses of a given subject 


3.60 
3.50 
3.40! 
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3.20 
3.10 
3.00 
2.90 
2.80 
270 
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GALVANIC, SKIN RESPONSE 


POINT STIMULATED 


Fic. т. Back and hand generalization gradients for a galvanic skin response gue 
ditioned to vibro-tactile stimulation. 1 


mean differences do not change to a great extent, the critical 
3 Tatios increase. "These final means are presented graphically 


because of the effects of conditioning. "Thus, although the 


in Fig. т, and the clear tendencies to a gradient are shown 
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for each group. The gradients resemble those presented by 
Hovland more than they do the corresponding gradient pre- 
sented by Bass and Hull. 

The back gradient shows one inversion while the gradient 
for the hand shows no inversions. This result coincides with 
the verbal reports of the subjects. The subjects of the Hand 
Group invariably reported that they could identify the stimu- 
lator which was acting. The subjects of the Back Group, on 
the other hand, could report only that they were able to 
identify one stimulator over the shoulder and another at the 
waist, with one or two lying rather unlocalized in between. 


The critical ratios ( Mo Main Fig. 1 ) of the two gradi- 
“Б.а 


' ents were computed from distributions of the differences for 
each subject between the mean deflection to the stimulator at 
point o and the corresponding deflection for point 3. These 
differences were obtained from Table I. This method largely 
eliminated the effects of adaptation and experimental extinc- 
tion, besides taking advantage of the correlation between the 
deflections of a given subject to the two stimulators. The 
critical ratios of the difference between point o and point 3 
for the Back Group was 2.10, and for the Hand Group 1.67. 
The corresponding chances of getting such differences due to 
sampling error alone would be 2 in 100 for the former and 5 
in 100 for the latter. 

Discussion 

From the standpoint of the present experiment, the im- 
portant fact is that the gradient for the Hand Group is some- 
what less steep and somewhat less reliable than the gradient 
for the Back Group. ‚ If Pavlov's cortical irradiation hypothe- 
sis holds, the gradient for the Hand Group should be steeper 
than the gradient for the Back Group. This would be pre- 
dicted because the hand irradiation, taking place over a large 
cortical area, would suffer a greater decrement between suc- 
cessive points that the back irradiation, which would occur 
over a less extensive cortical area. The results indicate that 
this is not the case. In fact, any difference in steepness is in 
favor of the Back Group. If this is verified by further re- 
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search, the indication is that the hypothesis of cortical irradia- 
tion is untenable. 'The data oppose the notion of static 
excitatory gradients on the cortex. 

Partial refutation of Pavlov's cortical irradiation hypothe- 
sis is indicated when Bass and Hull's data are considered with 
reference to the present knowledge of the sensory-somesthetic 
representation of the back in man. Bass and Hull obtained 
a gradient showing no inversion, im spite of the fact that in 
man the cortical areas representing the thigh, calf, and foot 
are interpolated between the areas representing the waist and the 
buttocks (x2)! On the basis of the cortical irradiation hy- 
pothesis and in consideration of the above facts of cortical 
representation, a horizontal or level portion of equal response- 
magnitude should be found in the calf-thigh half of the gra- 
dients obtained by Bass and Hull. When their subjects are 
separated into two groups according to whether the shoulder. 
or calf point was reinforced, their data do not give the pre- 
dicted flat portion. { 

The data then favor a theory like that of Guthrie (4) or 
Wendt (14). The likelihood of some complex process involy- 
ing local-sign and perhaps the subject’s perceived’ ‘body 
image’ as the basis for the generalization of tactile stimuli 


must also be considered. The above theories, however, have 


difficulty in explaining the results of Anrep (1), who found —. 


bilaterally symmetrical gradients when only one spot on one 
Side of the animal was conditioned. . Considerable data are 
needed before a decision can be reached in favor of any one 
of the various theories of the generalization of a conditioned 
response. In the meantime, the fact that the inversion in 


the gradient of the Back Group coincided with the subject's 


verbal reports of inability to discriminate between the loca- 


tions of the vibro-tactile stimulators favors some sort of | 


theory based on discrimination. 


SUMMARY 


Conditioned galvanic skin responses were formed to vibro- . 


tactile stimuli in two groups of subjects. The generalization 
gradient of fifteen subjects for whom the tactile stimu- 
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lators were placed at equal intervals along the back, from 
shoulder to waist, may have been slightly steeper than the 
corresponding gradient for sixteen subjects for whom the 
stimulators were placed at equal intervals along the dorsum of 
the hand, from the tip of the index finger to the wrist. Since 
on the basis of data on cortical representation a steeper 
gradient for the hand is predicted by Pavlov’s cortical irra- 
diation hypothesis, the data indicate that this hypothesis is 
invalid. i : 


(Manuscript received August 8, 1939) 
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CONDITIONED CARDIOVASCULAR RESPONSES 
AND SUGGESTIONS FOR THE TREATMENT 
OF CARDIAC NEUROSES ! 


BY DELTON C. BEIER 
Louisiana State University 


INTRODUCTION 


General Purpose and Setting of the Problem.—TYhe heart, 
because of its intimate importance in the life span of the 
individual and the varied disturbances to which it may be- 
come subject, has received intensive consideration and study. 
Conditions relating to purely organic or pathologic cate- 
gories are fairly well understood, but there remains that vast 
field of so-called functional disturbances that remain shrouded 
in mystery, or that at least elude satisfactory solution, 
especially when viewed from the standpoint of their etiology. 

In the discussion based on this investigation no attempt 
will be made to consider the heart in its anatomical or struc- 


tural aspects. The study pertained more particularly to | 


features that were felt to have a basic significance in the _ 


production of those functional disturbances that have no 
demonstrable relationship to pathologic conditions of the 
cardiovascular system. 

Cardiac conditioning as an experimental phenomenon 


interested the present investigator because it was believed . 


that this problem would have a direct bearing on those phases — 


of cardiac dysfunctioning known as the cardiac neuroses. 


At the beginning of this experiment the investigator was . 


interested only in the possibility of establishing a conditioned 


, ` This investigation was carried out at the University of Wisconsin at the sugges- _ 
tion of Professor Hulsey Cason to whom the author is deeply indebted for his aid and | 


encouragement throughout the progress of the research. He also wishes to express 


his thanks to Miss Elizabeth Brogdon of the University of Wisconsin, Physiology De- | 


Partment, for the use of her laboratory and equipment, and for helpful suggestions; 
to Miss Irene E. Beier and Miss Doris V. Wallmo who served as experimenters and 


assisted in the statistical calculations and analysis of data. 
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response of excitatory effect on the heart activity. As a 


measure of this activity the radial pulse was temporarily И 


chosen. The unconditioned stimulus (US) selected was 
pedaling a bicycle ergometer, to be described later. The 
reasons for using exercise as the US are as follows: (1) Exercise 
is the most frequent activity in which an individual engages; 
(2) it is the most common accelerator of heart activity; (3) it 
is a more fundamental response pattern than the emotional 
response; and (4) emotional and faradic stimuli have been 
employed in establishing conditioned cardiac responses Бу 
other experimenters, but none of the many forms of exercise 
has been used. 

Resumé of Literature Relevant to the Problem.—Tigerstedt 
(19) obtained a ‘sort of? conditioned cardiac response—1.¢., 
his subjects developed an increase in blood pressure when 
brought back into a previously exciting situation under which 
blood pressure measurements had first been taken. This 
study, however, had for its purpose the investigation of 
bodily changes in emotions, and not conditioning. The first 
specific attempt to condition the cardiac response was made 
by Shipley (18) in 1929. He worked with the respiratory 
response, and the circulatory reflex (pulse) plus other bodily 


‘reactions. The unconditioned stimulus was an electric 


shock and the conditioned stimulus a buzzer, He found that 
although the buzzer itself served as an unconditioned stimulus 
for the heart action, the CR tests after training showed that 
this reaction was more pronounced than in the control series. 
Shipley concluded that the “heart reaction (pulse) can be 
readily conditioned," and that although his breathing curves 
show evidence of considerable fluctuations, the evidence for 
conditioning is quite reliable and apparent. 

Minut-Sarokhtina, Sarokhtin and Turgel (12) conditioned 
the vagotropic (depressive) heart reflex and associated respira- 
tory arrhythmia. "The same authors (15) established a con- 
ditioned vagatropic reflex of the heart by ringing a bell and 
зш м eliciting the Dagnini Aschner or oculocardiac 
reflex. 


Respiratory changes following. various stimuli have of 
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course been studied by many (2, 3, 6, 13, 17), and have been 
conditioned to signal stimuli by Scott (16), Watson (21), and 
Garvey (8). ў 


PROCEDURE 


In the original plan only one measure, the radial pulse rate, was to be taken. | 


However, while plans of procedure were materializing, it was decided that since 
exercise represents such diffuse bodily activity it would be practical to develop more 
indices of its effect. It was therefore decided to take apical heart rate, systolic and 
diastolic blood pressure, and respiration rate. 

4. The Heart Rate was counted by means of a disc stethoscope, with its tambour 
taped on the skin over the apex of the subject’s heart, between the third and fourth ribs. 

B. The Blood Pressure, both systolic and diastolic, was taken by a Tycos Sphyg- 
momanometer, with an armlet disc stethoscope over the/brachial artery. ` 

С. To measure the Respiration Rate a costal respiration pneumograph was used 
with kymographic recording. 

The heart rate and blood pressure readings were recorded during the experiment 
оп specially designed data sheets. (4), (B), and (C) were taken simultaneously, 
(4) and (C) for fifteen second intervals and (B) every thirty seconds, The apparatus 
remained attached throughout the entire daily experimental session. 

D. The exercises were performed on a recording electrodynamic brake bicycle 
ergometer (9). "The exercise selected in this experiment which served as the original 
or unconditioned stimulus was characterized by Kelso and Hellebrandt (9) as ‘violent.’ 
A speed of three amperes and a load of six volts were used, in other words, the subject 
pedaled at a speed of 88 r.p.m., working at a rate of 1,031 Kgm. per minute. 


E. Substitute Stimulus. An electric buzzer about one yard above the subject’s | 


head served as the substitute or conditioned stimulus. The current in this circuit 
was checked at regular intervals throughout the experiment in order to control the 
magnitude and frequency of the buzzer’s vibrations. 

F. Subject’s Regimen. The subjects were asked to lead as regular a life as possible, 
retiring and getting up at the same time every day. No strenuous exercise for four 
hours before the time of the experimental session was permitted. The use of alcoholic 
and caffeinated drinks was limited. None of the subjects used tobacco in any form, 
Tt was also suggested that eating be done at regular times and of approximately the 
Same quantity, with no afternoon lunches. x у 

Three experimenters were needed at all times. The experimenters gave the 
subject no cues which would prejudice the results. The subjects were blindfolded by 
means of cotton stuffed behind their glasses and all communications between the ex- 
Perimenters were in pantomine. All subjects were unacquainted with the plan and 
Purpose of the experiment. 

Detailed Procedure —In this experiment there was a total of three subjects. Each 
subject came daily, including Saturdays and Sundays, at 4:15 P.M., at which time the 


instruments were attached. The whole experiment was carried out, complete in every | 


detail, on one subject first. The individual experimental sessions began at 4:30 and 
lasted until approximately 6:00 р.м. | 

1. Natural resting state. Immediately after the instruments had been attached, 
S was seated on a high stool directly behind the bicycle ergometer with his left hand 
Testing on a table to enable the taking of blood pressure readings. The réspiration and 


^ 
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heart rate were recorded every fifteen seconds, for that interval, and the blood pressure * 1 : 
readings were taken every thirty seconds. These measures were taken continuously 
until S had reached as near as possible his normal heart rate and blood pressure readings 
and until four or more successive heart rate measures were the same and two or three 
blood pressure readings did not vary more than 2 mm. of mercury. This norm is called 
the stability criterion. This procedure (i) was the first part of every experimental 
session and required from seven to fifteen minutes on different days. The purpose of 
this procedure was to establish norms for the day and produce a standard against which 
other measurements for the day could be compared, 

ii, Control Test: influence of buzzer. With S still seated on the stool, the buzzer 
was presented for one minute and the three measures were taken continuously from 
the beginning of the buzzer until the stability criterion was reached, The purpose of 
this procedure (ii) was two-fold: to give an indication of the unconditioned effect of 
the buzzer, and to allow S to become adapted to it, This procedure required from four 
to fifteen minutes on different days, Д ‘ 

їй. Control Test: influence of exercise. After the stability criterion had been reached 
in procedure (ii), the subject’s blindfold was removed, and at a spoken signal he mounted 
the bicycle ergometer. The removal of the blindfold was necessary in order that the 
subject might observe the meter by which he was to control his speed. At a signal, 
the subject began to pedal at the previously described speed and against the chosen 
load for one minute, At the end of this one minute exercise period, S resumed his seat 
on the stool immediately behind the ergometer. The blindfold was replaced and 
approximately fifteen seconds after exercise the three measures were again taken 
continuously until the stability criterion was reached. This procedure (iii) took from 
thirteen to thirty-five minutes on various days, 

With the first subject procedures (1), (ii), and (iii) were continued until he became 
habituated to the total experimental situation and adapted to the buzzer. After this 
pre-training or adaptation series was completed, the training sessions were begun on 
the following day. С 

The procedure during the training sessions in addition to procedure (i), natural 
resting state of S, which was always the first part of each experimental session through- 
out the pre-training and training series, consisted of: 

iv, Conditioned response training. In this procedure the exercise was combined 
with the buzzer for one minute. The procedure was the same as (iii) with the three: 
measures taken until the stability criterion was reached. This constituted one con- 
ditioned response training Tepetition. From two to four of these CR training repe- 
titions were possible on different days, dependent on the subjects’ recovery period. 

у. Conditioned response test. This CR test, buzzer alone exactly as in procedure 
(ii), was given after the first three CR training repetitions had been given. After this 
first CR test, it was repeated at irregular intervals throughout the series of CR training 
repetitions. 

With the first subject the procedure as outlined above was carried out. The 
procedures for the remaining two subjects were the same with the exception that (iii), 
control test: influence of exercise was omitted, This was done because after a careful 
evaluation of data from the first subject it was apparent that this control test was 
unnecessary and lengthened the procedure considerably, 
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RESULTS 


In order to analyze and study the data the results of the 
individual subjects were graphed. These graphs were in- 
cluded in an original write-up on file in the University of 
Wisconsin Library, but being quite numerous, thirty-four in 
all, no attempt will be made to include them in the present 
article. Rather it is felt that an accurate description of the 
results, as indicated by these graphs, would serve to convey 
a fairly complete and comprehensive picture of the findings. 
These results, as well as a description of individual charac- 
teristics, will be discussed separately for each subject. 

Subject т. This subject’s reactions have been found to be 
more variable and less stable than those of subjects 2 and 3. 
His normal heart rate (approximately 88 beats per minute) 
was above the average for males of his age and weight. His 
respiratory rate was from four to six inspiration-expiration 
cycles faster than the respiratory rates of the other two sub- 
jects. The effects of exercise on his reactions were also more 
intense and enduring. It is well to point out that his ap- 
parent instability of cardiac response as well as the rapidity 
of the respiratory rate might be a residuum of rheumatic 
fever from which he suffered as a child. А 

With S-1, it took ten pre-training sessions to completely 
habituate him to the total experimental situation and adapt 
him to the sound of the buzzer. Analysis of this subject’s 
graphs indicated the following: Ы And 

The conditioned cardiac response took the form of ac- 
celeration of the heart rate. It was also evident from the 
results that as training progressed, the conditioned response 
became consistently greater as well as more enduring. 4 

Conditioning of the blood pressure response was not so 
apparent as that of the heart rate; however, after a careful | 
examination of the records and graphs it is probably safe to 
conclude that conditioning did occur. This conditioning 
was in the form of a disturbance of the blood pressure, 

+ __Тарїй rises and falls. The blood pressure also indicated 
Increased variability as re-enforcement continued. | i j 
With regard to respiratory rate, conditioning was not | . 
а 4 
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TE T . M 
apparent but this response showed considerable fluctuation, b 


This is in line with the findings of Garvey (8) and Shipley (18). 
Subject 2. Using the modified procedure, i.e., omitting 
procedure (iii), three days with fourteen presentations of 
buzzer alone, were necessary to adapt S-2 to the sound of the 
buzzer. This adaptation was far more reliable and-complete 
than with S-r. On the whole S-2’s reactions were more 
stable, less intense, and more consistent than the reactions 
of the first subject. 
_ Analyzing this subject’s graphs, we find that they also 
indicate conditioning. The conditioned heart rate response 
was of a different type. With S-2 we have a conditioned 
arrhythmia response rather than a simple conditioned ac- 
celeration. The subject’s heart reaction seemed to simulate 
that clinical variety of psychoneurotic cardiac manifestations 
described as Premature Contractions—i.e., the response was 
characterized by ‘skips’ or ‘flops.’ 

The blood pressure response again indicated a conditioned 
disturbance and is similar to the previous subject’s reactions. 

The respiratory rate, as in S-1, showed neither consistent 
nor reliable evidence of conditioning. 

Subject 3 was far the most stable of the three subjects, and 
his reactions, though none the less definite, were less severe 
and less enduring than the reactions of the previous subjects. 

The heart rate of this subject showed a still different type 
or pattern of conditioned response—i.¢., with the CR test, 
the heart rate dropped abruptly below the subject’s previously 
determined rate for the day. This drop lasted for about 
fifteen seconds, after which the rate rose rapidly, remained 
accelerated as with S-1, then gradually returned to normal. 
Here too as with the previous subjects, there is evidence of 
increasing intensity and duration of the CR as re-enforcement 

` continued. 

The blood pressure and respiratory responses again 
showed reactions more or less similar to those of the other 
subjects. 


74 * 
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* * 
{ 
Discussion 


Cardiologists and psychiatrists generally refer to the 
cardiac neuroses as ‘conditioned irritability to normal stimuli.’ ° 
Dry (7) suggests the following circumstances in which such . 
conditioning may occur: (1) Exhaustion states, such as those 
following intercurrent illnesses; (2) chronic nervous fatigue; 
and (3) the known presence of some form of organic disease; 
To these might be added situations with strong emotional 
qualities. Dry further states, “Опе should determine what 
symptoms are neurogenic manifestations and what condi- 
tioning factors are present in the individual.” This experi- 
ment represents a partial fulfillment of the desires of cardiolo- 
gists and psychiatrists for an investigation of basic conditioned 
heart phenomena. Such research is needed to furnish a 
starting point in the treatment and unconditioning of cardiac 
neuroses. 

Menninger (тт) from a review of the literature concludes 
that * Between 20 percent and 50 percent of individuals who 
consult physicians for cardiac disorders show mo organic 
lesion.” Other estimates of the prevalence of the cardiac 
neuroses range from 26 percent to 65 percent. Cardiac neu- 
roses have been classified in numerous ways. Wyckoff (22) 
classifies them as follows: (1) Fatigue neuroses (neurasthenia); 
(2) introspective neuroses (hypochondria); (3) anxiety neu- 
roses; (4) substitution neuroses (hysteria); and (5) obses- 
sion neuroses (psychasthenia). Wahl (20) describes the fol- 
lowing common clinical varieties: (1) Premature contraction 
(extra-systoles) ; (2) neurocirculatory asthenia (effort syn- 
drome or soldier's heart); (3) paroxysmal tachycardia; (4) 
pain (pseudo-angina); (5) cardiac neuroses (suggestion); and 
(6) other functional disorders (arrhythmia, dyspnea, etc.). 

It might be well to add that these functional heart dis- 
Orders are usually far more disabling, and the age group 
affected with cardiac neuroses is on the whole from ten 
to twenty years younger than those with organic heart 
disturbances. i ; 

It is not our intent to suggest that all functional disturb- 
ances or even all psychoneurotic cardiac manifestations can be | 
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explained purely in terms of conditioned response concepts. 
Rather, it is the purpose of this article to demonstrate a type 
-of cardiac conditioning and to suggest that cardiac condi- 
tioning, and conditioning in general, may make for a fuller 
understanding of the functional cardiac diseases and offer a 
possible method of treating these disorders. 
* That the cardiac response can be conditioned has been 
shown by this and other experiments. That maladaptive 
conditioning from emotional and other experiences may occur 
is also accepted. Anderson, Parmenter and Liddell (т) have 
recently shown the development of an experimental neurosis 
and an accompanying cardiac disorder in sheep, the cardio- 
vascular manifestations being marked tachycardia and ar- 
thythmia. In the present experiment the conditioned heart 
rate assumed different patterns with the different subjects, and 
these patterns remained characteristic—i.e., tachycardia with 
S-1, arrhythmia with S-2 and a combination of the two with 
5-3. These manifestations do not lead to the conclusion 
that they are experimentally induced cardiac neuroses, but 
may indicate predispositions, of the various subjects, toward 
a rather specific neurotic heart dysfunctioning. 

Remembering the prevalence of the cardiac neuroses we 
realize the need for some more adequate method of treatment 
for these disorders. Reiterating the opinions of cardiologists 
and psychiatrists that these functional disturbances repre- 
sent ‘conditioned irritability to normal stimuli’ we suggest, 
as a tentative hypothesis, that some of the CR techniques 
might have therapeutic uses in the treatment of these func- 
tional disturbances of the heart, Therefore, at this point, we 
consider this possibility along with a therapeutic procedure 
that might be used with individuals suffering from such 
disabling disturbances. 

After it has been adequately determined that no organic 
heart lesion or actual pathological condition of the cardio- 
vascular system exists, and after the conditioning factors, 
conditioned stimulus or stimuli have been determined, two 
possible techniques readily -Suggest themselves, ‘recondi- 
tioning’ and unconditioning. 
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1. ‘Reconditioning.’ Reconditioning in this sense refer- 
ring to further modification of the established CR by associa- 
tion of its stimulus with a new stimulus capable of reducing 
the pulse rate—e.g., the Dagnini Aschner reflex, sedatives, 
rest and relaxation, etc. The original CR, which represents 
an accelerated or disturbed heart response, if associated with 
a vagotropic or depressive heart response, will result in heart 
action, it may be theorized, which will be something of an 
average of the two and approximately normal. The success 
of Maier's work (ro) with rats, conditioning neuroses and 
curing them by reconditioning, supports this type of thera- 
peutic procedure. 

2. Experimental unconditioning (extinction). In this type 
of procedure the conditioned stimulus might be presented 
until the response is ‘extinguished’ or suspended. It is 
realized that this Pavlovian law is still much in debate and: 
that it may not apply to all phases of human conditioning. 
However, the evidence in the main seems to indicate that if 
unconditioning is continued beyond and subsequent to 
spontaneous recovery, the ‘extinction’ or suspension may 
become permanent. It is necessary to remember in regard to 
experimental unconditioning the role played by verbal ac- 
tivities, as shown by Cason (4, 5), and the importance of set 
and attitudes as evidenced in Razran’s study (14). . ; 

Realizing that the above type of treatment does not repre- 
sent a panacea for the cardiac neuroses, prophecies as to the 
outcome of such therapeutic procedures may be dispensed 

with. Though the psychological and psychiatric implica- 
tions proferred are but a brief outline of the possibilities, 20 
they do represent a starting point that may result in a new | 
and clearer theory and more adequate treatment of those — 
phases of cardiac dysfunctioning, the cardiac psychoneuroses. 


эъ 


e 


SUMMARY AND CONCLUSIONS АЙ 
The present investigation studied general human cardio- 
vascular conditioning and the theoretical implications such 
conditioning might have for the study, treatment and sub- 
‘sequent cure of the functional cardiac diseases, the cardiac 
PSychoneuroses. Е 1 
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- The principal results of the study were as follows: 

I. The cardiovascular response can be conditioned to 
a buzzer, using exercise as the original or unconditioned 
stimulus. 

2. The conditioned response was present in all three 
subjects after three CR training repetitions. 

3. The conditioned heart rate responses assumed various 
patterns typical of individual subjects. The patterns or 

types of conditioned responses to the buzzer did not, on the 
Whole, resemble the original unconditioned response to the 
buzzer before adaptation. 

4. The conditioned responses showed progressive rein- 
forcement through training—i.e., they became more intense 
and enduring. 

5. The type of procedure used gave no clear evidence of 

_ the occurrence of a conditioned respiratory response. 

Since these conditioned reactions showed a marked simi- 
larity to the cardiac neuroses, a treatment of these functional 
heart disorders, by means of *reconditioning? and uncondi- 
tioning was suggested. Y 


4 
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STUDIES IN HIGH SPEED CONTINUOUS WORK: 
V. PAIN, BLOCKING AND TIREDNESS 


BY B. R. PHILIP 
Queen's University 


. A previous paper in this series dealt with motivation and 
hedonic tone—subjective factors which affect the output of 
continuous work. "There are other factors, subjective in part 
at least, which may be studied in a semi-objective fashion. 
For this purpose, during an experiment on continuous tapping 
(т) records were taken of Ss exclamations, statements and 
replies to questions, and of such objective reactions as his 
cramping, blocking, dropping of stylus, etc. At the conclu- 
sion of the work period, S supplemented the records of Es 
by rather lengthy introspective notes. 

Naturally the listing of the number of times that Ss 
remarked on the pain they were suffering, or the tiredness they 
experienced, is not an accurate gauge of the pain or fatigue 
they endured. At best only a rough idea may be gleaned of 
their feeling tone during the course of the work, for the pro- 
cedure would vary somewhat from individual to individual, 
though it may be expected to be fairly constant during thé 
testing of any one individual. Despite the inadequacy of the 
method we do obtain a record of the subjective state that 
could not otherwise be gathered. Thus Table 1, which lists 
the frequency of the reference to pain and its location, shows 
considerable variation within the group. It is to be noted 
that pain seems to centre in the arm, and to spread with 


diminished frequency (and intensity), to the distal muscles, | a 


involving the neck, head, and even in some cases the whole 
body. Nearly every S experienced pain in the arm, shoulder 
and finger, most of which was muscular, though blistering and 
surface irritation often occurred in the finger and forearm. 
In Table 2, under the heading Feelings of tiredness, an 
attempt was made to list all references to and objective indica- 
322' á } И 
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TABLE 1 T 
FREQUENCY OF REFERENCES ТО Paw 0 ) М) 
Location Frequency No. of Ss 
LEE ЛӘНДЕ EAE 15 ^3 
5 3 
* 
9 6 
1$ 2 
24 
146 4° ? 
5 3 » 
Shoulder. . IOI 12 
Elbow. . 28 10 
Neck. 10 2 
Head. 3 3 
Body. 5 3 "i 
Pain.... 5I 14 ig 
"Totals: о О УНЕ 463 102 
tions of fatigue, such as sweating, sighing, etc. Roughly three 
. Mun Н , 
states may be made out: feelings of elation, indifference and | 
depression. These states are not to be confused with hedonic — 
tone which was separately rated, for the feelings of fatigue 
constitute only one of the components of hedonic tone. A 
broad interpretation must be given to these objective indica- 
TABLE 2 Aen 


Frequency or FEELINGS Or TIREDNESS 
А. Subjective States 


Elation Boredom 
Cheerful ЖЕТУ 17 8 5.2 
esists slowing. § 2 65$ 
ime flies,...,.. 4312 8 4 
eelings 3. 2 
satisfactory... 24 10 Time drags + 2 I 
? Wants to stop.. 17 8 
Totals...... so 22 41 20 
B. Objective Signs 
Ү Actions 
Sighs 4 
. vi 7 
27.8, 5 
2 І 
2 2 
7 5 ү 
è 5 NS 
т I i SUR УО, 
i E r 18 16 


The first number is the frequency; the second, the number of Ss showing the 
Teaction. ~ ) D 
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‘tions, for they are not all clearly significant of fatigue, and 

probably are more indicative of physical discomfort. Points 

worthy of note are the following: the prevalence of boring 

and depressing reactions over the cheerful ones; the number 

М of Ss who wanted to stop, but who refrained from so doing 

on account of their own determination or the urgings of Es; 

the references to the uneven flow of time, which speeded up 

with elation and dragged in distress; the explosiveness of the 

reactions of some Ss, and the pronounced physical distress of | 
others, as evidenced by their paleness, dizziness, etc. The 

objective signs in this table, and the introspective notes of Ss- 
leave us no doubt as to the strenuous nature of the task. 


TABLE 3 
Frequency or Biocxinc 

Numbnes: 14 Misses plates... ....... II 6 
Cramps.. E 7 Drops stylus.. v 25 7 
Blocking. < 224 14 Relaxes...... I I 
Inhibitions. 20 5 Pauses... 5 4 
Spasmodic 9 4 Automatic. 2 2 
Irregular 4 3 Taps hard.. 24 7 
Wild. ..... 17 5 Effort. ...... 12 6 
No control 15 6 Concentrates. 26 6 
рипз................ 21 7 Shock 8 3 
ДЖОН ОА рди: 396 65 - 114 4 


Table 3 lists the overt reactions that deal with efficiency 
or lack of it; they are grouped under the broad heading of 
blocking, but they also include numbness and irregularity of 
movement. - In the second half of the table are indicated 
the variations in intensity of effort—the additional concen- 
tration or gripping of the stylus that is often a prelude to 
blocking. Numbing and blocking were experienced by all Ss, 
and irregularities of rhythm were common. In this table 
'especially is it evident that the frequency with which a certain 
phenomenon is listed is only a clue to the frequency of its 
actual occurrence. Thus every $ frequently spurted; yet 
spurting is listed for 7 Ss only, on an average of 3 times each, 
for in these cases the spurting was intense and prolonged. 
Other phenomena, such as dropping of stylus, were duly re- - 
ported, as it was such a marked deviation from normal 
procedure, being due to the severe numbness of the hand, 
rather than to carelessness. 
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The listing in Tables 1, 2 and 3 of the frequency of a given 
reaction and the number of Ss from whom it was reported 
enable us to form an idea how widespread was the reaction 
within the group. Often the same type of reaction was 
labelled in different ways; thus irregularity of tapping rhythm, б 
which is listed in 5 ways in Table 3, must not be thought of as: 
being confined to a few Ss. On the other hand certain — 
specific reactions, such as the occurrence of shock, was felt by | 
only 5 Ss, and was listed every time that it did occur. 

Table 4 gives the frequency of occurrence of each of the 


TABLE 4 


Frequency or Occurrence or Pain, BLOCKING AND TIREDNESS 
PER Harr Hour INTERVAL 


Interval түг {з {4 [5 [6.1] 7 | 8 [о | то| тг | r2| 13] r4 | 15 | Total 
49 | 28 | 31| 34] 26| 29] 39] 29] 42] 50] 42|36 | 12| 9 | 7 | 463 
ae 7 ex RC 


7| 3| 9|1o| 8| 4| 2|13|10| 9| 9 92 
33|30|25|27|28|27| 18| 16|20| 18] 26] 8| 5|2|3 | 286 


Note: Only 4 Ss went beyond the 12th. interval. 


three main variables. "The half hour was chosen as the tem- 
poral unit, as the 15 min. periods are too short to yield re- 
liable figures, and the hour periods smooth out the variations 
too much. To be noted in the second half hour is the diminu- 
tion of pain and tiredness, after more than an average amount 
of all three variables was shown in the first period. From the | 
third to the ninth half hour pain and blocking remain fairly 
constant, till towards the end of the working period the pro- 
tocols show an increase in all three variables. Thus Table 4 - 
correlates well with the actual experience of Ss as indicated 
by their introspective remarks. The first half hour was pain- 
ful and laborious, and was followed by a half hour period 
. relatively free from difficulty. Then S settled down to the 


long grind without much variation in feeling tone till he tired — 


badly and experienced. more pain and blocking as the end 
approached. Mar 

A previous paper reported concomitance between hedonic 
tone and output (2). Since the introspective remarks indicate. 
long term fluctuations in hedonic tone parallel the frequency 
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of occurrence of the subjective factors of pain, blocking and 
tiredness (in the expected direction of unpleasantness), an 
attempt was made to correlate the frequencies of these factors 
with output. There was no evidence whatever of correlation, 
whether quarter hour, half hour, or hour time intervals were 
chosen, partly due to the relatively small number or remarks 
in the protocols, and partly. due to the small variation in 
output during the course of the task. 
Table 5 lists the frequency of occurrence of pain, tiredness 


TABLE 5 
AVERAGE FREQUENCY OF OCCURRENCE OF Pain, TirepNess AND BLOCKING 
For Each S rer Harr Hour 


Subject Pain Tiredness Blocking 
I 3.92 2.67 2.92 
2 1.36 0.54 2.55 
3 5.46 0.08 0.92 
4 1.33 ў 0.17 0.23 
B 2.22 0.91 1.07 

1.71 0.17 1.27 

7 2.34 0.33 2.75 
8 1.33 0.00 0.06 
9 117 0.42 ү 3.00 
10 2.00 0.20 4.20 
n 117 1.09 0.82 
12 9.72 0.25 2.33 
13 1.75 1.10 0.30 
14 2.56 2.00 2.20 
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and blocking for each S. It is to be noted that there is à 
wide variation in the number of feelings experienced, if 
frequency may be taken as a rough clue to their actual oc- 
currence. From this table intercorrelations were calculated 
by the rank difference method for the 12 Ss of Experiment 4, 
and are given in Table 6. Added variables were the average 


TABLE 6 
INTERCORRELATIONS оғ Supjective Factors wiru Ourrut 


1. Pain 
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rate, the value of the asymptote of the Byperbolagof best fit ' 


of the output curve, and the 9th half hour average; as was 
' stated in a previous paper (3) they are fair measures of the 
working rate toward the end of the experiment. Owing to 
the small number of Ss, and the rough mode of ascertaining) 
the feelings, the correlations are not particularily trustworthy, 
and they yield only a first approximation to the degree of 
concomitance of the variables. Of interest is the fact that 
pain does not correlate with tired feelings, though it does 
slightly with blocking; also that blocking and tiredness cor- 
relate to some degree. In general the three variables studied 
correlate little with output, no matter how it is measured. 
The moderate intercorrelations of the three measures of out- 


put give us a hint as to the degree of dependence that may be © 


attached to our semi-objective measure of pain, tiredness and 
blocking. Correlation is to be found in the expected direc- 


tion between output and subjective factors for the individual, . 


but not in a time series for the group, since the са а. 
fluctuations of all variables, occurring in different sequences 
for different Ss, smooths out all averages and no general 
trend can be obtained. 

Once again it may be stated that the preceding tables, 


though far from accurate in their portrayal of actual condi- 


tions, at least do sketch, in preliminary fashion, and in a 
semi-objective way, those reactions of Ss which may be 
called subjective. The only other clue that we have of these 
reactions are the protocols and the introspective remarks of 
Ss, written shortly after the working period. The introspec- 
tive remarks are quoted at some length, for better than any 
tabulation they give us a picture of the actual feelings of 8s 


"who participated in the experiment; their sufferings, their — 


annoyances, their irritations, their elation, their helplessness | 
in the face of inhibitions and blocking, and the ases ; 
effect of fatigue. 

Certain points are particularly worthy of note; thus thé 
early onset and transient character of pain is quite apparent. 
Like the work output it is periodic, though probably it has a 
much shorter period. It has a cumulative uy also, not as 
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y sharp, localized pam Abus asa throbbing and numbness, which, 

* Ж spreads till it affects most of the muscles if not the whole of the 

body, when it acts as an anesthetic, taking away the edge of* 
, the sharp, shooting pain, and blurring its precise localization. 
-= Only when new muscles are brought into play by a change in 
tapping routine or when attention is focused on some particu- 
lar muscle is there a resurgence of localized pain. With the 
', onset of sharp, ‘definite pain the output is momentarily 
'. diminished, and often is followed by a compensatory spurt. 
ull, diffuse pain, which persists for some time, numbs the 
muscles, and makes for an abstracted attitude, a steady, 
rhythm, and the maintenance of the output close to the 
* , effective maximum. ; 
“+. Blocking occurred frequently for every S during the course 

+ - of the task, particularily at the outset and towards the end 

"when $ was thoroughly fatigued. It was evidenced by a 

"М * pronounced hiatus in the rhythm, which took up the time of 
„from. 4 to 8 taps. When the interruptions were longer than , 

=” this, particularily when there was a complete inability to con- 

^ trol the movement, the term inhibition was applied. In 

z such cases the motion ceased completely or there was a series 

: of wild, random movements, aimless circlings, and inability 

to move the arm to the opposite plate, much to the disgust 

. and irritation of S and to the amusement of Es. Blocking was 

frequently preceded by increased pain, spasmodic cramping 

Я and prolonged tension. Particularily after а rest, when $ 

tried to spurt, without gradually building up increased speed, 

+ er when disturbances of rhythm took place, due to lapses of 
attention or to distracting stimuli, the smoothness of motion 
faltered and blocking occurred. Sometimes towards the _ 
end of the task peculiar illusions of movement occurred, after 
S had settled down to a monotonous, even rhythm, during 
the course of which his actions had become almost automatic 
and he had adopted a preferred mode of peripheral fixation. — 

. of one plate (generally the far one), with a positive swinging 
movement to that plate and a relaxed swing back to the other. 
Often his fixation would suddenly and involuntarily change; - 
after the fashion of rivalry in perception, his rhythm would 
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be" lost, and wild, Tam X. did develop: '$ + 

could only emerge from this situation by deliberately and’ ^ 


forcibly i increasing the tension, or by tapping the same plate 


several times in succession, thus definitely breaking the 
rhythm. 'This phenomenon, reported by 6 Ss in their intro- 
spéctive notes, was characteristic of the last stages of the 
task, when S was thoroughly fatigued. a 

Spurts to high speed levels could be made quickly only by . ` 
intense concentration and pronounced tension; as a rule © 
they were unproductive for the ensuing blocking caused аў 


-compensatory decrement. On the other hand the highest Ш 


speed levels were attained by smooth, effortless, rhythmic _ 
tapping with a relatively slow acceleration, which was followed а 
by a long, slow decrement without much blocking. T ica И 
From the introspective records of tiredness we note that, И 
like pain, it is episodic, transient and periodic. Periods of 


progressive lassitude may be followed by brief intervals of А 


relative freshness and freedom from fatigue; in general they, |. 


vir 


are synchronomous with marked increments of output, free- — 
dom from blocking, or other incidents that raise the hedonic 
tone. But most of all tiredness is cumulative. The numb- + 
ness seems to spread from the muscles of the arm to the whole ~ 
body, and affects the mental attitude, causing abulia and 
mental inertia, so that S seems to be satisfied with an auto- | 
matic reaction at an effective maximum. Strong mental 
effort, with renewed motivation based upon specific and ever _ 
changing goals, must be used'to induce S to avoid this auto- 
maticity and to strive for an absolute maximum. "Towards , 
the end of the task, when fatigue becomes more and тоге. 
apparent, there is an increased irritation, fretting and solici- 


_tude for the coöperation of Es. All incentives, formerly 


effective, lose their stimulating power, and the thoroughly | 
wearied S responds most of all to the prospect of the approach- 
ing conclusion of the task; his feelings brighten and he in- DU 
variably winds up with a prolonged end spurt. А 
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. EXCERPTS FROM Introspective Notes 
я Pain 

S3.—Pain became very intense in shoulder and upper arm muscles in the first 
minute of the run. For a period of 15 mins. this pain became more and more intense 
as the minutes passed, During these first minutes I developed what may seem at first 
glance to be a peculiar type of motion. Briefly it was as follows: I would be tapping 
quite smoothly (pain in shoulder intense), then I would spurt, still smooth tapping, 
pain would become still more intense, then there occurred a momentary block, lasting 
perhaps a second, or a fraction of a second. . . . At this stage (conclusion of first 
15-20 mins.), pain in the upper muscles of the arm began to subside; as a result I began 
to feel more cheerful towards my fellow-man in general and to the project in particular, 
My muscles were beginning to adapt themselves to existing conditions under which 
they were being subjected. As а result, there occurred a period in which I could con- 


centrate with no interference from pain. However, at this time, while there was по # 


pain, a dull throb persisted in my arm. I was not at all bothered by my elbow or 


‚ forearm. Because I was gripping the stylus loosely, my fingers were at their ease—no 


pains or cramps. Further, I was mentally alert at this time, and I was in a position to 
concentrate to the best of my ability. For a period of about 15 mins., therefore, I 
tapped at a greater than average speed, mostly smoothly, It appeared at that time 
to me that my mental being had become reconciled to any pain that might be in my 
arm; thus I felt no pain other than a dull numbing throb. However, whenever I was 
reminded of my arm, or E would ask how it felt, my arm would to some extent, 
increase in pain, or so it seemed. During this period also I felt unpleasant. This 
was due to the pain I had experienced. Also I had not yet become reconciled to the 
extent of my task. From this time on whenever Es recorded that my arm or wrist 
was sore, this soreness was not of the intense pain type, but rather a dull throbbing 
pain. AsI was reconciled to pain, I do not believe that it affected my speed very much. 
i As time passed (it passed very swiftly), while my arm did not pain, nevertheless 
it tended to become heavy, wooden, partially wooden, partially numb, especially the 
upper arm and shoulder. Forearm felt a bit numb. I mean that my arm did not have 
that ‘minute’ feeling which in action could be associated to words such as ‘precision,’ 
etc. For instance, my arm would have been useless, say, for a game of billiards. . . « 
S4.—Towards the end of the first hour all blocking had disappeared and the arm 
gradually deadened to the work. The light pain that I experienced in the forearm 
gradually turned to a numbed feeling. The dull ache of the muscle slowly traveled 
up the arm. At the third hour it had reached the shoulder where it seemed to spread 


to some of the neck muscles. «As the seventh hour drew near the ache settled in the | 


shoulder blade, where, with the usual movement it didn’t bother me, but any quick | 
stretching made me very conscious of its soreness, . . . 

When I rose from my seat at the finish I wished never to see the apparatus again: © 
The relief of having the experiment over meant much and I was glad to leave the 
laboratory. In going downstairs I noticed a pain in my left leg. Other after effects 
Were not as great аз I expected. The forearm swelled through friction on the table. 
After a sound sleep there was a slight stiffness which lasted for two days. 

S6.—At about the five min. mark a pain started in the muscles of the forearm and 
traveled up my arm to the shoulder, and towards the end of the experiment even to 
my head. The only pain, however, that really did bother me was a burning pain in 
the muscles of my forearm. After the fourth hour the pain was so severe that I placed 
my left hand under it, and since this eased the pain, I maintained this position for the 
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remainder of the experiment. . . . The after effects were that, due to an aching and 
swollen arm, I got very little sleep. The stiffness and ache in the arm continued for 
three days afterwards. i 

So.—By the end of the second hour my shoulder was quite sore and I was doing 
my best to ease it by shifting the position of my arm. This soreness was superseded 
by an intense pain in the muscle of my forearm on which my arm had been pivoting _ 
on the desk and this pain continued to bother me throughout the experiment. I was 
very much surprised to find the fourth hour approaching and could hardly realize I 
had been going so long. . . . 

S7.—In the first hour I experienced pain in my shoulder, arm and fingers. I was 
bent on reaching the 300 tap per sec. mark especially after convincing myself that it 
could be done. My muscles throughout my body were more tense, and the harder I 
tried for the maximum, the worse I felt, At this stage I commenced to sweat and was 
encouraged and annoyed by Es. The pain in my arm was beginning to worry me so 
I tried various ways of avoiding it. About an hour and a half after starting my lower н 
arm was numb and I seemed to be tapping more regularly. Sometimes pain seized my , 

, . upper or lower arm, but only for a short time... . © 
S10.—1 skinned the finger next to the little one. My middle finger became sore 
along the side where it touched the stylus. I found difficulty in holding the stylus and 
lost many taps in trying to change the position of the stylus in my hand. I could not 
keep a fast pace for more than a minute because of my fingers, though my arm was fine 
and my swing steady. . . . f 
S12.—At the end of about an hour the under part of my forearm began to get 
very sore from the friction caused by rubbing against the table. (Note! This was not 
muscular pain.) In another hour it was burning all the time, and by the end of the 
experiment the skin was partly scraped off, and jots of blood appeared. So whenever 
I tried to speed I had to overcome this pain, a resolve that I could not keep up for long, 
зо really a good many times І was not going as fast as I was physically capable of. 
S6.—In the third hour my forearm became very sore, and when I spurted шу 
shoulder began to ache. The entire arm was gradually tending to become numb. 
But as the time passed my arm became very sore, and I imagined that I could feel 
it slowly swelling. Blocking started again and with it a marked distaste for the work d: 
arose within me. А 
* Immediately after the rest period I found it was quite difficult to start to use my 
arm again. But after two or three minutes of the resumed work the arm once more = 
came an integral part of me and quite a noticeable warming up effect was produced. — 
I now began to feel hungry and also desired a bottle of pop. I assuaged my 
hunger somewhat with a chocolate bar, and the pop revived my flagging spirits greatly. Aus 
+ My arm gradually became very numb and as the fifth hour progressed I lost almost all | 
Sense of feeling. Then cramps appeared in my forearm and these gradually became _ 
Very definite. I began again to lose my grip on the stylus occasionally. But inwardly 
T felt much better, taking a certain pride in the increasing evidences of the fatigue of 
`  myarm. At 7.30, after five hours and fifteen minutes, I was permitted another res 
х During this rest period my arm pained greatly when I moved about. EO ABS 
After five minutes I started again. My forearm was very tender and had become 
Surprisingly sensitive, to such an extent in fact, that I again placed the scarf under it. 
The work was very difücult to start again and I had a very strong impulse to quit. 
But after а few minutes the arm felt much better, About eight o'clock the pains began 
to shoot from wrist to shoulder. I became very apathetic to my surroundings. At 
~ the entrance of the janitor for the purpose of closing the window I scarcely raised my 
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eyes. As the arm became very sore and developed a sickening ache I ate another 
chocolate bar (my second), but this did not help at all. I was feeling steadily worse 
as time went on and it required some determination to keep going. After six hours 
and twenty minutes I felt forced to take another rest. During the rest period my 
arm became very sore, and I was unable to raise it above my shoulder. 

After five minutes of rest I resumed my task. The resumption was even worse 
than I had anticipated. Only the fact that S4 had lasted seven hours kept me going. 
I firmly believe that the rests, at least in my case, were unremunerative. My feelings 
immediately after rest periods were, if anything, worse, and certainly not better. I felt 
just a little sick, which condition was no doubt assisted nobly by my varied diet of pop, 


Peppermints, chocolate bars and candy in place of my usual supper. On the completion’ 


of seven hours and five minutes for good measure, I relinquished my task, and wended 
my way homeward with a feeling of relief, "My arm was very sore and my only desire 
was to go to bed. 

Sr3.—At various periods in the experiment I suffered from recurring aches and 
pains, particularly in my shoulder, occurring quite regularly after each initial spurt and 

slowing me up considerably. Gradually these shoulder pains would cease and be 
replaced by a slightly tired sensation in the shoulder and upper arm, 

After about three and one half hours these pains ceased for a time to be individual 
and my whole arm felt sore. This sensation however disappeared quite rapidly only 
to return in a more severe form about half an hour later. The intensity of the pain 
decreased more slowly this time and was followed by a long period in which the muscles 
felt almost numb. After five hours of tapping the arm as a whole again became quite 
sore and remained in this state for half an hour. By this time also the effects had 
spread beyond my arm, and I felt a general sense of weariness. 

The five minute rest period preceding the half hour run gave me a taste of what I 
was to experience following the completion of the experiment, as it was sufficiently 
long to allow the muscles to stiffen and a certain numbness to affect my arm and 


The half hour run began at 8.15 Р.м. My entire arm was sore by 8.37 P.M., and 
my wrist was aching badly, By 8.43 the pain in my shoulder had increased and my 
fingers and hand were beginning to ache. 

Tmmediately following the conclusion of the experiment I attempted to write my 
name with rather ludicrous results (considering that I was unable even to pick up the 
pencil with my right hand). There was almost a complete lack of control and I had 


the curious sensation of finding that I could write legibly wi: left hand than 
with my right. EM rene 


After a few minutes a dull 


ever these conditions were only temporary, and the following morni ly a slight 
tenderness in the muscles of my forearm пеша 3 се ея 


Blocking 


52,—1 started the task with a glove on and tended to pivot my swing from my 

1 у swing from 
х elbow, which rested on the desk. In the first s or 10 co el muscles began to 
ache and before an hour was half over my elbow was sore and I abandoned the elbow 
swing, using a full arm motion, thus avoiding the sore spot and increasing my speed- 


+ 
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After an hour run, the motion became quite automatic and at one time my arm swung 
over to another plate, opposite the one which I intended to strike. When this occurred 
my arm seemed numb. { j 

After some hours of work I found that noises, such as the loud tapping of a foot 
against a chair, proved very annoying, and if at odds with my rhythm, tended to break 
it and cause a decrease in speed. р 

I remember at several stages in the experiment a mental lag; that is, thinking of 
other things decreased my tapping speed. > A great drop in the number of taps per min. 
took place when I remembered a phone call I had promised to make and under the 
circumstances could not fulfill. Decreases such as these will not be found on the graphs, 
as being aware of the score I speeded up in the subsequent minutes so that the average 
for five mins. covered up the deficiency. Mental lags, while having a drastic effect 
on the tapping rate, did not affect the rhythm of my swing of the movement of my arm,’ 
which was chiefly automatic after the first few mins. of tapping. 

Another retarding factor was the losing of my rhythm in tapping. Twice during 
the experiment I began to assume that the tap on the left hand plate was heavier than 
that on the right hand one. In the attempt to correct this unbalanced swing my arm 
movement faltered and the swing did not cover the proper distance between the plates 
50 аз to make a proper tap. Great concentration was necessary to put an end to this 
retarding factor. j 

S3.—By experiment, I determined that by affixing my gaze midway between the 
two plates, there then existed a maximum of harmony between mind and body in order 
to get best possible results. However, by holding the head in a fixed position, my neck 
tended to get sore at times and cramps would set in; I was therefore forced to change 
the position of my head. "This may have affected my general rate of speed to a minor 
degree. i 

S6.—Even after a mere five minutes my arm was apparently tiring very rapidly. 
I frequently missed the end plates altogether, hitting the table with considerable force. 
* І аіѕо occasionally dropped the stylus as my fingers refused to grip it properly. This 
aroused in me considerable indignation and great delight in my companions. 

After ten mins., although I was getting warm, my feelings improved greatly, My 
hand was a little stiff and blocking and misses still were frequent, giving rise to a little . 
blue-tinted language. І was quite surprised and immensely encouraged to learn that 
I was hitting a lot above the average speed of my practice run. There was also a great 
tendency on my part to settle into a constant speed or rhythm, which had to be fought 
against, The movement became quite automatic and it required effort to keep, my 
speed above the psychological level toward which the output tended. dM nur 

S7—I found that by adopting a certain method of working, I could continue longer 
andata betterrate. When my body was at the least tension, and my thoughts changed 
from time to time, then I seemed to get better results. — · : 1 

So.—During the first minute or so I had considerable difficulty in developing a 
thythmical stroke and no doubt wasted a great deal of energy in futile efforts to go 
faster. A little later I found myself tapping swiftly and lightly with Tittle: effort. 
However as soon as I began to think of my success I began to falter. I went no slower, 
but found myself missing the plates frequently. This lasted as long as I concentrated 
on my efforts, but my tapping soon became more mechanical and my efficiency seemed 
to me greater. During the first few minutes I gripped the stylus rather lightly, as one 
grips а pencil, and my fingers became quite cramped in a very short time. / In attempt + 
ing to shift the stylus to a more comfortable position, I dropped it and was rather 
indignant when this was (аз I felt) recorded against me. From time to time I felt 


* 
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restless and constantly shifted my position; moving the board, rearranging the cord, 
etc. Although at this time I had been going only about 20 mins., my fingers felt stiff 
and I was rather alarmed at the prospect of continuing this procedure for several hours, 

After going for some time with considerable ease I began to feel restless again. 1 
was dissatisfied with the position of the board, my chair, and the stylus, and felt rather 
nervous. I began to be afraid of breaking my rhythm and therefore concentrated my 
mind on ways of maintaining it. I tapped with my eyes fixed on one plate and with a 
conscious motion from the left hand plate to the right hand plate. The motion from 

"the right hand plate to the left seemed unconscious and more or less reflexive. The 
inclination would come to me sometimes to reverse this motion and I found myself 
missing, and losing control of the stylus. I recall several times seeing my hand move 
in the direction opposite to that in which I willed it and my exasperation caused me to 
speak complainingly to Es. These periods did not usually last long and were followed 
by periods in which I felt fine and worked smoothly. I tried stamping on the floor 
several times to keep my mind on the rhythm and at other times found myself stamping. 
unconsciously. 

I began to block badly and at one time after four or five successive blocks felt 
absolutely helpless and curiously wanted to laugh. As the end of four hours began to 
approach my forearm became increasingly troublesome and at times I held it clear of 
the table to lessen the pain. 

Sr0.—1 started off in good spirits, without a glove, with my arm on the table, 
Swinging from the elbow. My fingers began to ache within five minutes, but I knew 
it would pass off. 

59, one of the members of our group, had kept his elbow on the table and had had 

, more trouble with his arm than 57 who swung his whole arm. I couldn't control the 
whole arm swing well, yet my arm became tired quickly with my elbow on the table, 

"во I tried both ways alternately, trying to make a spurt as I began each method. I 


steady, even swing sooner than I did. 
I blocked a great deal when I tried to make spurts. I made spurts when anyone 
~ entered, when warned that I was nearing my minimum, and often at the end of a 15 
min. or half hour period, I had to make an effort all the time till four or five students 
entered an hour and ten minutes after starting the test. This took my mind off the 
tapping and I realized that my arm and fingers didn’t ache any more, though the fingers 
were sore from gripping the stylus. . . . My arm felt fine, my fingers didn't ache after 
putting on the glove, yet I couldn’t get my score up because of blocking and missing 
the plate. I tried looking at the left plate but this interfered with my swing, and made 
it seem as if I were tapping away from rather than towards myself. 

S12.—At the beginning of the test I put too much effort into gripping the stylus, 
which caused blockings and cramps. I noticed that in the short run or spurt, better 
speed was obtained by tensing the whole body, but it could not be kept up for long. 
I blocked frequently during the first two hours, This was caused by lack of practice, 
and too much concentration in hitting, I was tense, and tried to hit hard and fast; 
and so blocked frequently, 6 or 7 times a minute, which would cause the loss of about 
40 strokes. Later on, due to practice and smoothness, blocks occurred less frequently. 
They always occurred more often in or directly after spurts, and as a result a better 
speed was obtained by the attaining of a smooth, rhythmical motion. 

S13—Unlike my co-worker (S14), I encountered few blocks, those which did occur 
coming mostly in the first half hour of my work. They consisted in a temporary in- 
ability to move the hand holding the stylus, through the complete arc connecting the 


think that this increased the number of taps per minute but kept me from getting а ' 
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two metal plates, so that it remained for an instant poised in mid air, and then often 
returned to the same plate, which was tapped twice in a row, at the expense of the 
other. Spurts which came in between blocks prevented the rate from falling very 
much. Blocking seemed to come as the result of an emotional effort to increase the 
speed. As long as one made such an effort coolly and unemotionally the result was 
generally a slight increase in taps per min., but any real intense effort into which 
wishful emotion had been projected frequently resulted in blocking, and hence in a 
decrement. 4 

Muscular inhibitions also arose from any change in my characteristic mode of 
tapping. For instance, I obtained smoother and more rapid action by tapping away 
from me, rather than by tapping towards me, i.e., by emphasizing the swing of my arm 
outwards, rather than the pull inwards. This action became mechanical as the ex- 
periment progressed, but even in the later stages, if I changed this rhythm my tapping 
became very erratic, until I switched back again by a deliberate process of heavily 
tapping on the left plate twice, and then beginning the original rhythm with the tap 
emphasized to the right. 

Sr4.—The tapping seemed to be affected by certain mental conditions. The 
tapping board was so placed that one plate was closer to S than the other. There 
seemed to be a feeling that at one time there would be an attraction of the stylus first 
to one plate then to the other. When S felt that the plate nearer him was attracting 
the stylus more than the other he felt mentally at ease. However when there was a 
feeling that the farther plate was attracting the stylus, S felt a mental unrest which 
resulted in a loss of accuracy, speed and control. 

When S suddenly blocked he would hit the one plate twice in succession. When 
he swung over to the other plate he would follow the same pattern or rhythm and also 
hit this plate twice even though he made an effort not to do so. There was an impulse 
to tap according to this rhythm or beat. It would require an actual effort to tap once 
again in the conventional manner. Also when $ heard a bit of music he would have an 


inclination to set his tapping in time to the beat of the music. When the music was - 


slow there was an actual inclination to slow up the tapping rate, or to speed up when | 
livelier music was heard. 


Tiredness 


S1.—I was feeling fine before the experiment, but was sceptically inclined as to 
what the results would indicate. I was determined to go at the highest possible speed 
at all times as I felt that this was the only method which would show significant results, 

My wrist and shoulder tired quickly after just one or two minutes as though T 
would soon drop in speed; in fact, I thought that I would soon stop altogether. How- 
ever, after five or ten minutes the tiredness disappeared and I felt fine. I had a cigaret 
and noticed an immediate increase in speed. I felt as if I were working under a heavy 
strain and was a bit nervous and shaky. This feeling disappeared in fifteen or twenty 
minutes. At the end of thirty minutes I didn’t relish the thought of going for five or 
six hours yet, and wanted to quit. I had considerable difficulty holding the stylus 
during the first hour. т) АР 

It was quite a strain to keep going at top speed and required intense concentration 
todo so. I concluded that pain in the arm comes and goes periodically, accompanied 
by, and probably as the result of drops and increases in speed. Blocking was very 
much in evidence during the first hour and a half, and at the beginning of the test. 
Time went very quickly throughout the whole experiment except during the last 15 
or 20 minutes. I found it impossible to hold top speed continuously because of minor 
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distractions taking my mind off my work. I felt fairly good physically and mentally 
at the end of three hours; though somewhat tired and indifferent. 

During the second run I was a bit fed up, but was trying hard; though sleepy I 
was still capable of 300 taps per min, if I could concentrate on it enough. Arm was 
worse and I was generally tired all over. 

I really concentrated during the third run and held 300 for 15 minutes, and then 
dropped. I felt very tired and disgusted at the end of this run, and could only hit 270 

„as a maximum at the end. I was not feeling well, was dizzy and groggy. This was 
probably due to the terrible mixturé that I had for supper and the bad air. Some fresh 
air, cold water and coffee helped me greatly. . 

At the beginning of the fourth run I was quite sleepy and irritable. I did not do 
my best during this run as I just didn't feel like concentrating. “What’s the use of 
tapping for hours on end just to see if I get tired” I said to myself. “Of course I get 
tired—I could have told you that before I started this blank experiment.” However 
my mental attitude changed towards the end of this run, my speed increased, and I felt 
much better as a result of this (or vice versa?). 

During the fifth run I experienced much pain at first; when told that I had fifteen 
minutes to the end I speeded up to 285 and was quite surprised at this speed. My 
mental attitude immediately changed and during the last ten minutes I hit 300 several 
times. 

Immediately after the run I signed my name but could not control my arm at all, 
for it was very sore. I felt that I could have continued longer at slightly reduced speed, 
but saw no use in so doing, 

S3.—In the last hour I believed that the Es were more tired than I was; to my 
mind they wanted to go home long ago. I started spurting and the shoulder became 
sore in a dull way at once. Though at the end of seven minutes the shoulder once more 
felt very good, also the whole arm. Although I knew that the end was at hand, never- 
theless the thought could not pull me out of the abyss of mental fatigue into which I 
had fallen. Thus while I spurted at times, as the result of special effort, the minutes 
Spent in complete indifference far exceeded the others. The last two minutes of this 
final run, with the goal right at hand, were spent in a special effort of intense con- 
centration. 

At the conclusion of the test except for a dull throb in the upper part of the arm 
and a stiff neck, also a general mental and physical fatigue, І otherwise felt fine. There 
were no after effects; by next morning all pain, all fatigue, all stiffness, had disappeared. 


(Manuscript received August 1, 1939) 
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THE PERCEPTION OF YELLOW LIGHT THROUGH 
RED AND GREEN BINOCULAR STIMULATIONS 
AS DETERMINED BY THE CONDITIONED 
GALVANIC RESPONSE! 


BY J. E. HERNANDEZ 
University of Kentucky 


This experiment was devised to determine whether o 
would involuntarily respond in the same way to red and green 
as to yellow when red and green were presented simultane- 
ously to corresponding areas of the two retinas after the 
manner of Hecht. 

The problem is of importance in relation to the major 
theories of color vision which have been proposed. These 
theories of color vision differ as to the number of primary 
colors required to explain satisfactorily the 180 patches into 
which the spectrum is divided by the normal human eye at 


. moderate brightness. They also differ as to the number of: 


Teceptors which the eye must contain in order to account for 


color experiences. It is essential in the formulation of an | 
adequate theory of color vision to determine the number of 


simple or primary colors for which a photochemical substance 
is present in the eye. 
A review of the literature shows that the results obtained 
by the investigators of binocular color vision may be classified 
into the following groups. One group finds that binocular 
observation of colors always produces an intermediate color. 
Another group finds that binocular color rivalry always results 
without any mixing. Still another group finds that dom- 
inance, mixture or rivalry may occur, depending on the 
physical and physiological conditions, T 
Breese (т) using red and green mounted on stereograms 
found only rivalry. Johannsen (4) has shown that binocular 
fusion in general is possible, and that the results obtained iñ 


М ! This study was carried out under the direction of Dr. M. M. White. — 
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studies of binocular fusion are a factor of the physical and. | 


physiological conditions existing during the experiment. 
She did not attempt to fuse red and green binocularly, but 
Hecht (3) did achieve fusion. However, his method was 
subjective and it is possible that his findings were influenced 
by suggestion. The need for an objective approach to the 
. problem is apparent. 


PROCEDURE 


The apparatus devised by Hecht (3) was used. It consists of a blackened box 30 

‚ em by 15 cm arranged so that the open end fitted against the face of the subject. 

The other end was closed by one or two detachable frames in which one or two Wratten 

filters 5 cm square were tightly fitted. Nine Wratten filters (two green filters No. 58, 

two blue, No, 44A, two yellow, No. 16, two red, No. 29, and one red, No. 25) equated 
to transmit light of about the same intensity were used. 

The galvanic skin response was measured by the Wheatstone bridge method (2) 
with an external source of current approximately 1.5 volts. A variable resistance was 
kept in series with the subject at all times, always over 5,000 ohms. Тһе subject аз. 
balanced in the Wheatstone bridge immediately before conditioning was started. The 
variable resistance was used to bring the beam of light to the original position to 


balance the subject if the light did not return to this position in two minutes. 


‘The current for the shock was obtained from an inductorium connected with a dry - 
cell of 1.5 volts and was conducted to the left hand of the subject by copper wires at- 
tached to copper electrodes in the form of rings on the index and third fingers. 

Before conditioning all subjects were shocked to determine the minimum intensity 
of the current necessary to elicit a response. ^ 

‘The experiment was performed in adjoining rooms. An electric fan was used to 

( circulate the air in the room where the subject sat, and to eliminate the noise made by 
the experimenter. All the apparatus, except the leads to the subject and the open 
‚ end of the box, was placed in one room; the subject was alone in the other. 

Twelve subjects were used. Four of them were used in preliminary experimenta- 
tion and their results, though agreeing with subsequent findings, are not given because 
the technique of the experiment had not been perfected. 

The O sat in a separate room facing the box, a pair of electrodes on each hand. 
When he had been in the room for fifteen minutes, he was balanced on the Wheatstone 
bridge. Then he put his head in the head rest, fixated upon the light and was shown 
successively in random order filters of the following colors: red (R), blue (B), green 
(G), yellow (Y), red and yellow (RY), red and green (RG), blue and yellow (BY) 
"The galvanic response to each was measured in centimeters. He was then given the 
following directions: 

{ “This is an experiment in conditioning. You are to look through the opening 

in front of you; a light will appear from time to time in this opening. You will 

be shocked only with one color, whether it appears by itself or in combination 
with other colors regardless of Position. You are not to move in your chair, and 
you are to keep as quiet as possible.” 

Subjects L and E were given these directions before the preliminary series without 
shock and the word ‘yellow’ was substituted for the word ‘color.’ 
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After the preliminary series without shock, subjects were conditioned to Ү. The 
subject was first conditioned to Y alone by being shocked either simultaneously with 
the presentation of the light or one second, two seconds, or three seconds after the 
presentation, or at the same time that the light was turned off. The length of time 
of the presentations varied in order to avoid conditioning to a period of time rather 
than to color. When the O had been conditioned to Y alone, five presentations of Y 
with another color were accompanied by shock, YB, YR, and YG being used. Each 
of these series was followed by five presentations of a combination in which Y did not 
appear. After the О had given two consecutive reactions to a presentation where Y 
was present, series without Y (R, G, B, BG, RB) were presented until extinctionwas 
obtained. A single presentation of Y with shock was given after each extinction, 
Subject G was conditioned to B rather than to Y. f 

"The Wratten filters were changed each time that a new color was presented either 
alone or in combination. During the conditioning series, in order to condition to color 
instead of to position, the Wratten filters were changed from right to left or vice versa, 
taken out and replaced again; after two or three electric shocks in any position. The 
large number of delays in presenting the light stimulus, and the many changes of filters, 
accustomed the O to the presentation of the light to such a degree that unless the ade- 
quate stimulus was present there was no response after training to the presentation of 
color or colors to which О had not been conditioned. Therefore, two consecutive 
responses of one centimeter or greater were considered evidence of conditioning to a 
color. Since after conditioning in the preliminary series other colors would not elicit 
а response, three consecutive responses of zero were considered as evidence of differ- 
entiation between these colors and Y. A response of twelve cm. or more never oc- * 
curred after conditioning excepting to the adequate stimulus; responses greater than 
twelve cm are therefore recorded as twelve centimeters. 

After the conditioned response had been established and extinction had been 
obtained for other colors, RG filters were presented. BG or RB was then given until 
extinction appeared, after which another series of RG was run. 


RESULTS 


The mean galvanic responses made to various filtered" 
lights prior to conditioning on first presentation were: R, 4.30; | 
B, 1.8; G, 2.6; Y, 2.2; RY, 3.6; RG, 1.8; BY, 3. 

Table. I shows the responses to RG the first time this 
combination was presented, after the subject had been con- 
ditioned to Y, and the responses to other colors had been 
extinguished. In only three of the thirty presentations was 
there а failure to respond. Five of the six subjects meet the 
criterion set for conditioning (two consecutive’ responses of 
two centimeters or greater). Since this series followed one 
in which the subject had been shocked with YR it is possible 
that either the recency of the shock or the presentation of the 
shock with R in combination with Y might be responsible for 
the results obtained. 


ы 
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` TABLE I 


RESPONSE IN CENTIMETERS TO First PRESENTATION OF RG AFTER 
Conpitionine то Y 


] \ Number of Presentations 
Subject E ттт 1—8 
т 2 3 4 5 
С 12 4 44 8 3.6 
M 6 4 7 7 3 
F 8 2, о о 2 
L 3.6 2 na I 8 
E 12 8 II 10 12 
Pe 2 6 2 o 


Both of these possibilities are eliminated in the results 
presented in Table II. The last series given with shock ~ 
before the RG series was YB (thus eliminating both R and G) 
and between the shock series and RG presentation a series оѓ! 
RB or BG was presented. Again, only one subject failed to 


* a : wus TABLE II 


l: Response IN CENTIMETÈRS: to PRESENTATION OF RG AFTER CONDITIONING 
FortowiNG A Serres WrrHoUT Ѕноск 


Number of Presentations 


Subject Color RG 


PRAIA 


meet the criterion set for conditioning. In other words, 
the presentation of RG is producing the response which the 
subject has been conditioned to make only to Y. Each sub- 
ject was given ten presentations of RG, but extinction did - 
not appear. A single presentation of Y to subject F brought « 
a response of 1 cm just after he had given a response of 1.6 
cm to the tenth presentation of RG; this is the only subject 
who failed to meet the criterion for conditioning to RG and 
his response to Y also failed to meet it. ` 
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Table III makes possible a comparison of responses to 
presentations containing Y with responses to presentations 
not containing Y. This series was not presented to subjects 
M and F due to lack of time; these subjects had sat through 
ten fifty-minute periods, and were not asked to return for 
the presentations reported in this table. 


TABLE III 


Response IN CENTIMETERS TO PresENTATIONS OF Y, RB, and BG 
IMMEDIATELY AFTER PRESENTATION OF RG 4 


Presentations Presentations 
Subject | Color | ——————,——34——71— —4 Color 


It will be seen that Y has elicited a significant response in 
every case, and that presentations in which Y did not occur 
brought either a response of zero or a small response which 
was extinguished within five presentations. The strength of 
the conditioned response may be judged from the fact that 
although the subject. received fifteen presentations in which : 
Y appeared, ten with RG and five with Y, extinction did not 
appear. Н à 

To determine whether the response to RG might be due 
to the conditioning of one of these colors while conditioning | 
to Y was taking place, and also whether the appearance of the 
third colored square might be sufficient to elicit a response | 
When the subject had not been conditioned to respond to the 
color of this third square, a subject was conditioned to B 
instead of to Y. Other colors were then presented with | 
the results given in Table IV. е 

Although the presentation of RG followed a presentation 
with shock there was no response. After the series of five 
Presentations of BR, RG elicited a response of four centi- 
meters after which the response was immediately extinguished. 
These results are in significant contrast to the responses to 
RG when the subject had been conditioned to Y. х j 
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TABLE IV 


RESPONSE IN CENTIMETERS TO PRESENTATIONS OF VanioUs COLORS or A 
Supyecr Conprtionep To В IwsrEAD or то Y 


к _——ЄЄ——ЄЄ—Є—Є&—Є{Є—Є&{]у—Є—"==——— 


Presentations 
Subject Color 
ae 3 4 5 
G RG o o o o 
BR 12 12 12 12 
RG 4 o o о 
t BG 7 4 2 


Subject J was conditioned to the presentation of RG as ~ 
the other subjects had been conditioned to Y or to B. The 
results obtained are given in Table V. 


TABLE V 


Response IN CENTIMETERS TO PRESENTATIONS or Various COLORS OF A 
Hiv 1 Susyect Conpitionep To RG 


Presentations 
СЕСЕ OS UTOR Гараа 
2 3 4 5 
3 2 2 2 
o o o o 
o o o o 
4 3 
o o 


_ Although responses occur to B and G the first time each 
is shown they are immediately extinguished, whereas re- 
sponses to RG and to Y remain through the series of three or 
five presentations. After being conditioned by presenting 
RG, the subject was asked with what color he had been ! 
‘shocked and he answered with *yellow.! He was then shown ~. 
a Y Wratten filter, No. 16, and he indicated that the color 
shown was the one with which he had been shocked. The 

Y perceived by the subject when one eye was stimulated Бу R — 
_light and the other by G light in such a way that each retina 
received impulses from only one color was sufficiently similar 

to the Y light transmitted by Wratten filter No. 16 to arouse 

a response by the galvanic reflex technique after conditioning 

to Y or vice versa. 


* 
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SUMMARY AND CONCLUSIONS 


The purpose of this experiment was to determine whether 
R and G would fuse binocularly to produce Y, when presented | 
simultaneously to corresponding areas of the two retinas. 
Using electric shock as the adequate stimulus, subjects were 
conditioned to give a galvanic response to Y, shown singly or 
in combination with other colors.. After this conditioned 
response had been established and the galvanic response to 
all other colors had been extinguished, R and G were ex- 
posed separately to corresponding areas of the retina of each 
eye. Every subject gave the conditioned galvanic reflex. 

To substantiate these results, two other subjects were 
used. One subject was conditioned to R and G presented 
so that each eye was stimulated by only one color and after- 
wards he gave the conditioned response to Y, a reversal of the 
process described above. The other was conditioned to B, 
and afterwards he did not give the galvanic response to RG. 

These results suggest that: 


1. When corresponding areas of the two retinas are 
stimulated, one by R monochromatic transmitted light 
and the other by G monochromatic transmitted light Y is 
perceived. 

2. When the retina of one eye is stimulated by R only 
and the other by G only the result is neither binocular rivalry 
nor dominance, but an immediate Y sensation. 

3. Adults may be conditioned to a colored light with 
approximately thirty shocks with an electric current which 
has been pronounced by them as annoying, but not painful. 

4. Conditioning established in this way is rather stable 
since extinction did not appear in a single subject when a 
shock had not been applied for at least fifteen presenta- 
tions. Extinction appeared with other colors in five or less 
Presentations. 

5. Yellow need not be a primary or simple color, but may 
be explained by the blending in some central mechanism of 
the impulses carried to it by the receptors for G and R when 


CAE - У” 
a { RON * 


d * | 
034 J. E. HERNANDEZ 
corresponding areas of the retinas or of the same retina are 
stimulated by R and G light. 


(Manuscript received August, 4, 1939) 
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IMAGES AS CONDITIONED SENSATIONS 


BY CLARENCE LEUBA 
Antioch College 


The experiments described in this paper were designed to 
discover whether sensations could be conditioned to objective’ 
Ж, stimuli in the same automatic, mechanical, and unconscious 
fashion that objective responses have been conditioned in 
numerous experiments since Pavlov’s classic ones almost a 
half century ago. 

The plan of our experiments was briefly as follows: 
During deep hypnosis two stimuli, such as the ringing of a 
bell and a pin prick on the hand, were applied simultaneously: 
to the subject for some half dozen pairings; before being 
awakened from the hypnosis, the subject was told that he 
would remember nothing that had happened during the 
hypnosis (post-hypnotic amnesia); a few minutes after being 
awakened, he was subjected to a succession of stimuli among 
which was one of the two stimuli originally applied, say the 
bell ringing; he was instructed to report at once if he experi- 
enced anything, visually, tactually, or in any other sense 
modality, besides the usual direct effects of those stimuli. 

Almost without exception, imagery (conditioned sensa- 
tions) was immediately reported upon presentation of the 
conditioned stimulus. After the bell ringing, for instance, 
the subject reported itching and pain on his hand, though he 
had no recollection of being pricked there previously or having 
з every heard that bell. ‘The conditioned pain-tactual sensa~ 

tions appeared automatically and immediately upon the bell. 

tinging—much to the subject’s surprise. i 

` The conditioning was performed under deep hypnosis 

for two reasons. (1) The concentration of attention and 

absence of distractions during hypnosis should facilitate the . 
* conditioning process and should lessen the likelihood of 

conflicting imagery which might nullify whatever conditioning | 
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had occurred. (2) A subject upon awakening from deep 
-hypnosis has usually forgotten what happened during the 
trance. This forgetting can be made dependable by a sug- 
gestion of amnesia. Complete post-hypnotic amnesia— 


spontaneous and/or induced—was present in all our subjects’ 


and was an essential prerequisite for discovering whether 
imagery could be associated with a stimulus without the 
consciously remembered associations postulated by the classic 
laws of association. 


These experiments, carried out as opportunity afforded 


during the past ten years, were performed on several subjects 
by several experimenters. The subjects were all college 
“students; most of them students in General Psychology at the 


time of the experiment. The hypnosis was ostensibly entirely ` 
for some therapeutic or other practical non-experimental ` 


purpose, such as a class demonstration. As far as we could 
tell the subjects were always completely unaware of the na- 
ture of the experiment. 

The experimenters were either the writer, or one of his 
students with sufficient theoretical and practical background 


in hypnosis to be entrusted with the conduct of a һурпоѕіз 


demonstration before a class in General Psychology. The 
method of inducing hypnosis was the standard one of con- 
centrating upon some monotonous repetitive or continuous 
stimulus, such as the ticking of a clock or a point of light, 
while suggestions of relaxation, peace, and sleep were given. 
Most of the subjects had been hypnotized several times before. 
the experiment was conducted and had repeatedly shown the 
signs of deep hypnosis such as anesthesias, hallucinations, and 
post-hypnotic amnesia. Most of the experiments were con- 
ducted either in the writer’s office or in a departmental 
partially sound-proof room, 

The following protocols describe all the experimental 
sessions with all the subjects. The first two experiments were 
of a preliminary, exploratory nature. 

Subject P. W. Experimenter С. L. 1929. E pricked S's hand several times 
with a sharp object while ringing a small bell. Post-hypnotic amnesia suggested. 


1 It will be recalled that Pavlov found it necessary to construct soundproof rooms 
for his experiments on conditioning and to exclude even the most minute distractions. 
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-After waking S ир and exchanging а few words with-him, E rang the Бе. S moved 
| опе hand. toward the other that had been pricked and said he had just felt something 
‘there. : s ТАТ 4 
Subject С. B. Experimenter V. R. 1936. After S had been hypnotized, he 
was asked to look at the image of a Chinese pagoda thrown on a screen and to listen to 
avictrola record. -After he had been awakened the victrola record was played again 
and he was asked to draw something—anything that came to mind. He reproduced 
ithe Chinese pagoda in some detail.. When asked what made him draw the pagoda, he 
said he did not know. Не did not remember having seen one for a couple of months. 
He did not remember having heard any music since he came into.the room. 
Subject D. С: Experimenters A. M. and C. І. 1936. After deep hypnosis 
_ chad been produced, one experimenter struck a can sharply while S was tapped on the 
"hand six or seven times with the flat side of a ruler. . S jerked slightly, especially with 
his head, each time.. Post-hypnotic amnesia was suggested and then S was awakened. 
"After a brief conversation, S was told to report if he heard, saw, or felt any sensations 
while one of the E's performed various actions. : E picked up various objects, stamped, 
"banged the. table, and hit various objects with the ruler, including the can.. The first 
two times the can was hit, S jerked back his head, but on no occasion did he report 
‘any experiences other than those caused directly by the stimuli actually used. (While 
hypnotizing S, A. M. had suggested to him that he would hear nothing, and pay 
attention to nothing, but A. M.’s voice. The fact the A. M. forgot to remove this 
Sensory limitation before proceeding with the experiment may account for the failure 
of conditioning to occur to an auditory stimulus.) y 
Subject D.G. Experimenters А. M. апа С. L. 1936. After S had been hypno- 
| tized by A. M. he was poked gently in the side with a ruler and told to look at the 
Object in front of him. The object was a nickel plated stopwatch held about eight 
inches from S's eyes. . He was given 3-5 seconds to look at it.. The combined poking 
and looking were repeated about six times allowing 10-15 seconds between trials. 
k "The S was then told that he would remember nothing that had happened while he was 
7 under hypnosis; he was also given some post-hypnotic suggestions concerning a ‘class 
| demonstration, and was awakened in the usual manner. After he was awakened 
А. M. told him to lie on the cot and gave him a blank card to look at, The card was 
Placed at about the same position where the watch had been held. 5 was told to report 
anything he experienced while A. M. performed various operations. S was reminded 
— to look at the card closely. A.M. then walked about the room and hit various objects 
with the ruler, Then A. M. poked $ in the ribs with the ruler in the same way as had 
been done previously during the hypnosis. S immediately said: “Hey: wait; what the 
M dickens!” He reported that a ring had formed on the card as soon as he had been 
Poked. When poked in the ribs a third time he reported that the ring appeared again 
5. and that it had a black dot in the center, and was silvery. S was not able to report _ 
_ ahy other details concerning the image on the card. He was somewhat startled and 
Puzzled at the phenomena. Later as he was walking about the room, he picked up 
| the stop-watch box from the table and immediately exclaimed that the ring he had seen | 
On the paper was a watch; that he was quite sure of it. t 
Subject D. G.  Experimenters A. M. and C. L. 1936. The S was hypnotized 
К А.М, and the same phenomena as usual were used to make sure that 5 was in а 
deep stage of hypnosis. While C. L. snapped a cricket, А. М. pricked 5 on the back 
of the hand with an algesiometer. The stimuli were paired five times with an interval 
"Of 10-15 seconds between pairings. After being awakened, S was told to report 
| anything he experienced while the E/s did various things. As soon as C. L. snapped 
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"the cricket S jerked: his hand back from-where it was lying on the chair arm and: ex- 


claimed that something had pricked him on the hand and rubbed the spot which А.М. 
had pricked, while S was under hypnosis. To no other stimulus that we tried, would - 
he respond, but every time the cricket was. snapped his hand jerked back and he re- 
ported feeling a pim prick. 

Subject D. С. Experimenters A. M. and C. L. 1936. А. М. again hypnotized 
thé. S and then told him to pay attention to C. L. The latter held a small bottle of 
creosote under S's nose and asked him to smell it every time it was placed in that 
position. In the meantime A. M. had taken a ruler and rubbed S on the right arm 
with it just as C. L. held the bottle of creosote under S's nose and told him to smell it. 
Rubbing on the arm followed. by the smell of creosote was repeated five or six times 
and then the S was awakened and told to report anything he might experience. A.M. 
then proceeded to hit or rub various objects with the ruler even rubbing the S's leg 
without getting any response from S; but as soon as his arm was rubbed, he sniffed 


` the ain and said that something smelled funny and that an odor had just entered the 


room. When he was rubbed on the arm again he said the odor was stronger but that 
it did not last very long. S asked A. M. if he could smell it and he said no. S seemed 
quite puzzled. Making it appear as accidental as possible, A. M. again rubbed S's 
arm and 5 again reported smelling some strong odor—“something like a tarred road"— 


` ‘like creosote” he finally said. The smell appeared only when the right arm was rubbed; 


no other stimulus that A. M. tried was successful. 5 was very puzzled by the appear- 
ance. of the odor and: wanted to know what it was caused by. He said it appeared 
suddenly and was unmistakable but that he could not see why it appeared. 

Subject]. D. Experimenter C. L. 1938. S was shown an E. S. P. card with a 
rectangle on it for about one minute while E tapped on a metal filing cabinet with a 
Tüler. Shortly after being awakened S. was given a blank white card and told to gaze 


ruler... At this last stimulus S said: “There it is; I cannot tell exactly what, but it is 
some kind of a mathematical figure.” When asked what color it was he replied that 
ithad a "black outline.” When shown a pack of E. S. P. cards he picked the rectangle 
out as: the figure he had seen. The figure appeared on the card each time C. L. tapped 
on the file, but disappeared: quickly. 

Subject J.D. Experimenter C. L. 1938. E pricked S about eight times with 
an algesiometer on the fleshy part of the right hand between the base of the thumb and 
index finger while tapping the top of авта сап with a pencil. On awakening, 5 was 
requested to, report whenever he saw, felt or otherwise experienced anything in con- 
nection, with а series.of stimuli. E stamped on the floor, rattled' a brief case апі so on 
finally tapping the can with a pencil. S at once scratched the previously stimulated 


„area on his right hand with the left one and said that "it smarts and itches.” Не 


stopped: scratching: as soon: as E Stopped tapping the can and started to rub again as 
soon аз the tapping was resumed, : Ж 

Subject V. Е. Experimenters D; В, and C; L. 1936. D: B. showed S a small 
pen and ink drawing of a fish while S moved his arm back and forth at the elbow nine 
or ten times; After he was awakened, S was asked to tell C. L. whenever he saw, 
heard, tasted, smelled, or otherwise experienced anything as he made various move- 
ments. He was then told to move his:right leg, then his left leg and then to move his 
fight arm back and forth. At that point he reported that something came into his 
mind but he could. not tell exactly what. When given a blank piece of cardboard to 
look at, he saw “а fish on it, about two or three inches long and 7/8 of an inch wide at 
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the tail. It fades away when І stop. moving my arm.” -The fish reappeared when the 
arm was moved back and forth. $ 
Subject V. F. Experimenters D. B. and C. L. 1936. S was pricked five or 


‘six times with a victrola needle on the fleshy part of the left hand while a metal waste 


paper basket was tapped with a metal pencil. After S had been awakened the usual 
series of stimuli brought no response from him but the moment the basket was tapped 
he moved his left hand up quickly, looked at it, felt the fleshy part, and looked puzzled. 
When asked what was. the matter, he replied “Feels as though it lad been pricked by 
something smalland sharp. It comes when you make that noise and disappears when 


you stop.” 
Subject V. F. Experimenter D. B. 1936. S was shown a small pen and ink 


drawing of a cube inside a box while moving his arm. Upon repeating this movement 
after waking from the hypnosis the drawing appeared very clearly as an image, 

Subject V. F. Experimenter D. B. 1936. S watched E move bis arm up and 
down and hit the table with a pencil at the down stroke. On awakening, the sight of 
the up and down movement was a conditioned stimulus for hearing the sound of the 
pencil on the table. 

Subject В. Е. Experimenters D. B. and C. L. 1938. A cricket was snapped 
about seven times as S smelt a small bottle of creosote. C. L. went through the usual 
repertoire of sounds, after giving S the usual instructions. When the cricket was 
snapped, S said “creosote,” wrinkled andi rubbed hisi nose, and turned his head away. 
"The same results occurred when the various stimuli were repeated in a different-order. 
"There was a response to the cricket and none to the other stimuli, The S was puzzled 
by the odor and asked, “What does it?". 

Subject Е. М. Experimenters.A. А. апа C. L. 1939. Snapped cricket while S 
smelled creosote for about 20 seconds. S did not volunteer any report after any of 
the stimuli in the series.. When questioned he said that he had tasted something when 
the cricket was sounded. Out of two odors he picked the creosote as the one he 
had tasted. у 

Subject Е. М. Experimenters A. А. and С. L. 1939. Rang a small bell while 
S looked at a pair of scissors for about 15 seconds, Whentold to look at a blank piece 
of paper after awakening, S saw “а knife or sword or something like that" on the paper 
when the bell was rung. When four different objects were presented to him, he picked. 
the scissors.as the object whose image he had seen on the paper. X 

Subject L. B. Experimenter C. 1. 1939. E had S smell creosote for about 15 
seconds while a bell was ringing. Later when the bell was rung alone S sniffed and 
said “I smell something—the stuff they put in moth balls. T can’t name it?” When 
E gave him oil of lavender to smell he said, “No, not that." То the smell of creosote 
he said, “Yes, that's it.” ! 

Subject L. B. Experimenter C. L. 1939. S looked at his glasses while the А 
Cricket was being snapped. Later the cricket did not cause any image to appear on 
а blank сагі. (S may have some difficulty seeing without glasses.) ; 


From the protocols it is apparent that the conditioned 
sensations (images) were frequently accompanied by objec- 
tive responses, such as a movement toward, and a scratching 
of, the itching hand; or a wrinkling up of the nose and sniffing 
Movements as the creosote was imaginatively experienced. 
These movements were quick spontaneous responses: follow- 
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‘ing immediately upon the conditioned’ stimulus and sub- 
stantiated the subject's introspective reports. Usually, the 


` overt movements started before the subject reported the 


presence of imagery. 

The subject was invariably surprised and puzzled by the 
conditioned sensations. They came suddenly out of nowhere 
and vanished equally suddenly. They were entirely involun- 
tary and automatic. After the conditioned stimulus had 
been repeated a number of times, the. subject usually con- 
sciously realized that the imagery always followed that 
particular stimulus. He still wondered why that peculiar 
connection existed. j 

The conditioned sensations were frequently so intense 
and vivid as to be mistaken for actual sensations; the subject 
thought that he was really smelling an odor or that he was 
really being pricked on the hand by some sharp object; but 
the images were also fleeting and difficult to examine. They 
appeared and disappeared with the conditioned stimulus and 
if that stimulus was continued they soon grew faint. The 
subject could rarely name the image correctly at once: the 
stop watch was a silver ring with a point in the center; the 
creosote was a powerful penetrating odor; the rectangle was 
just the outline of a figure; but the image was always referred 
to the correct stimulus from among a number of stimuli. 

Hull ? reports. the appearance of a phenomenon, similar to 
that described in this article, as an incidental observation in an 
experiment by Scott designed to discover what differences, 
if any, existed between the conditioning, under normal and 
trance conditions, of finger withdrawal by pairing buzzer and 
shock. “Several of these (totally amnesic) subjects . . - 
when stimulated by the buzzer alone—reported the feeling 
of having received an electric shock on the fingers. . At least 
one of his subjects insisted that he had received a bona fide 
shock though the experimenter was positive, from testing the 
apparatus, that no shock could have been received." 

The hypnotic state served the same purpose as the hunger 
drive, the soundproofing, and the exclusion of extraneous ' 


*Hull, C. Hypnosis and Suggestibility. N. Y.: Appleton-Century. 1933: 
Page 401. ч 
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stimuli in general, in Pavlov's conditioned response experi- 
ments. It limited the subject's attention to the pertinent 
stimuli, and thereby enabled the experimenters to demon- 
strate a fundamental psychological principle whose function- 
ing in everyday life is frequently obscured by the simultaneous 
presence of many stimuli and many responses. ' 

Our experiments indicate that after an inadequate stimu- 
lus has been present a number of*times, while an individual is 
experiencing certain sensations, it will by itself automatically, 
and without the intervention of any conscious processes, 
produce those sensations. An image can, therefore, be con- 
sidered as a conditioned sensation? y 


(Manuscript received September 3, 1939) _ 


*In a review of the Experimental Studies of Learning in Infants, Psychol. Bull., 
1935, 32, 276-305, Wenger and Williams mention (p. 281) two attempts to condition 
the taste likes and dislikes of children. The reaction of children between 14 and 3 
years of age to certain stimuli, such as vinegar, was changed “from dislike to indifference 
and even to liking”, by being paired repeatedly with a very pleasant stimulus like 
chocolate. 

We have noticed that’if an infant of about 13 years, who has frequently eaten 
granulated sugar, but never pure salt, is told that salt is sugar, he will eat several small 
spoonfuls of the salt with apparent pleasure. 


FUNCTIONAL ADAPTATION TO NEAR-VISION . - 


BY MATTHEW LUCKIESH AND FRANK K. MOSS 
Lighting Research Laboratory, General Electric Company, Nela Park, Cleveland 


Emmetropia is usually defined as the normal condition of 
the ocular refractive system in which rays of light from distant 
objects are focused sharply upon the retina while accommoda- 
tionisrelaxed. "Thusa state of ocular relaxation is associated, 
by definition, with distant fixation and with the implied as- 
sumption that relative accommodation ! is not required to 
produce the condition of emmetropia. Unless a cycloplegic 
is used, however, it is by no means certain that relative ас- 
commodation is not functional; and under cycloplegia, the 
state of the ciliary muscles is not one of physiological rest 
since the muscles are freed from nervous control. In view of, 
these considerations, it cannot be assumed that the muscles of 
the eyes of a so-called emmetropic subject are in a state of rest 
merely because infinity and the retina are found to be con- 
jugate by the usual methods of ocular examination. It is 
the purpose of the present discussion to show that, in a state 
of rest assumed to be as complete as is possible during con- 


. sciousness, parallel rays of light from a distant object are 


focused at a point anterior to the retina of the typical em- 
metropic subject. 

The fact that a so-called emmetropic subject usually 
achieves maximal or near-maximal visual acuity at distance 
under normal seeing conditions may be attributed to the 
exercise of negative relative accommodation (from the posi- 
tion of physiological rest) which is induced by sharply- 
defined patterns of brightness-contrast within the visual 
field. In considering the meaning of the state of ‘rest’ in 


1 Relative accommodation: a changein the focusing of the crystalline lenses relative 


to that which is normal for a given state of convergence of the two eyes. When the 


change is in the direction of greater convexity of the crystalline lens, it is designated 
as positive. 
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the musculature of distant-vision it must be remembered that 
these muscles are of the unstriated variety and are supplied 
by both the sympathetic and parasympathetic nervous 
systems. With such a dual nerve supply, negative relative 
accommodation might. be mediated by a decrease in para- 
sympathetic or an increase in sympathetic nerve excitation. 
Thus as Cogan (1) states, “It appears that the sympathetic 
systems tend to adapt the eyes for relatively distant objects. 
and as such oppose the parasympathetic system, which tends 
to adapt the eyes for relatively near-objects.” “These con- 
siderations suggest the possibility that the eyes of the so-called 
emmetropic adult subject may be functionally adapted to 
some point less than infinity when in a state of repose. 

An experimental investigation of this possibility obviously 
involves the relaxation of accommodation and also the in- | 
hibition ‘of negative relative accommodation.. It has been 
shown elsewhere (2) that relative accommodation is pre- * 
ventable through the avoidance of an adequate stimulus for 
this function. However, this does not appear to be possible 
with the usual visual acuity test-objects and procedures since, 
as the threshold of resolution is approached, the critical details 
of the object gradually become unrecognizable although the 
object as a whole may still readily be perceived. Thus 
sufficient stimulation may be received under these conditions, 
to induce some degree of accommodation. If, however, a 
distant test-object of elementary form is brought from a sub- 
threshold condition to the threshold of visibility by increasing | 
its contrast, for example, while all other objects remain. 
invisible, there can be no stimulus to accommodation until 
the test-object attains threshold visibility. 

These visual conditions were obtained by placing. suitable 
absorbing and diffusing filters before the eyes and gradually i 
teducing the density of these filters until the test-object 
emerged from obscurity. Our experimental apparatus (3) 
involves, essentially, two colorless circular photographic gradi- 
ent filters, precise in optical density and diffusion, which may 
be rotated simultaneously in front of the eyes while the sub- 
ject views a suitable test-object. . These gradient filters not 


* 
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only alter the apparent brightness of the entire visual field 
due to absorption but also alter the contrast of objects within 
the visual field due to the slightly diffusing character of the 
photographic filters. Thus the visual field, when viewed 
through the filters, appeared as it would in a dense fog. 
Since these filters, as used in our procedures, completely 
‘fogged’ all details of the visual field, it was necessary to 
provide a separate fixational-target in order to control con- 
vergence at both the far- and near-points. The latter con- ' 
sisted of a bright but vaguely defined band of diffused light 
located in the plane of the test-object which was viewed 
binocularly by the subject. However, it was experimentally : 
established that this target did not provide an adequate 
stimulus for relative accommodation. As all stimuli for 
accommodation were thus avoided, it was possible to alter 
the point of focus by means of ophthalmic lenses placed before 
the eyes without concomitantly stimulating the accommoda- 
tive mechanism. Hence the intensity of the threshold 
stimulus decreased as the point of focus approached the retina, 
and its minimal value indicated the condition of emmetropia. 
When the test-object was placed at distance and gradually 
brought to the threshold of visibility by reducing the density 
of the filters, the experimental requirements of relaxed ac- 
_ commodation and inhibited negative relative accommodation 
were fulfilled. Therefore, it should be possible to detect 
functional adaptation to habitual near-vision tasks if the 
latter exists. 

An experimental group of 20 subjects, including both men 
and women, were selected at random from technical and 
clerical groups for these studies. These subjects ranged in age 
from about 25 to 35 years and are considered as emmetropic 
(with corrections, if necessary) from the viewpoint of the 
usual ocular examinations. The data of Table I indicate the 


' average additional dioptric power Tequired by these subjects 


to obtain a minimal intensity of the threshold stimulus, or to 


‚ focus the light from a distant object upon the retina, when 


accommodation is controlled by the techniques described. 


* " Й : 
[23 ¥ ry ry 
FUNCTIONAL ADAPTATION TO NEAR-VISION 355 


TABLE I 


These measurements were made at a fixational-distance of 20 feet and with the 
subjects wearing their usual corrections, if any. They are the averages of two ex- 
aminations made about a month apart. 


Right Eye Left Eye 
Average for all виЬ}есїв........‚........../...... —0.6 D. —0.73 D. 
Mean variation of mean for one subject. ++ 0.24 0.29 
Probable error of general mean....... «+ 0,05 0.06 
Average for 12 subjects with glasses. . 70.75 —0o81. 
Average for 8 subjects without glasses. Meses nc —0.76 —0.61 


, It will be noted from Table I that 3/4 diopter of negative 
power was required to produce maximum visibility at distance 
when negative relative accommodation is prevented. Thus 
under these experimental conditions, it appears that the focus 
of parallel rays of light is at a point about 3/4 of a diopter — 
anterior to the retina in the case of the typical adult emme- , 
tropic subject. Briefly, this condition may be described as a 
‘lead of accommodation’ at the far-point. With respect to 
individual subjects, however, the indicated ‘lead of accom- 
modation’ at the far-point varied from about 3/8 to 13% 
diopters. This fact minimizes the possibility that the indi- 
cated lead of accommodation is due to some systematic error 
in the experimental procedures. 

The existence of a lead of accommodation at the far-point | 
is supported by the fact that these same subjects were found 
to be emmetropic, on the average, when examined by an 
identical technique at the usual reading-distance as shown by 
the data of Table II. Thus the retina and the near-point are 


TABLE II КТ 


These values indicate the additional dioptric power required to produce maximal — | 
visibility at a fixational-distance of 16 inches. Similar results were obtained at 
othér near-points. 


K 


* Left Eye 
Qut for all subjects............ +оо. | 
ean variation of mean for one ou 
Probable error of general mean Ep 
erage for subjects with glasses. Hu f 


verage for subjects without glas: 


conjugate when relative accommodation is inhibited in the . 
Case of the typical emmetropic adult non-presbyopic subject. _ 
However, this is not the case in distant-vision as is indicated — 
by the data of Table I. 
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A lead of accommodation at the far-point and emmetropia 
at the near-point might be expected on teleological grounds. ' 
For example, after discounting pathological changes, there 
remains no indication of adaptation to the increased pre- 
valence and importance of near-vision unless such adaptation 
has taken the form of an increased capacity for functional 
adaptation—a form which.would in no way work to the 
disadvantage of the individual whose visual tasks remain. 
principally long-range. Allowing that presbyopia is in- 
escapable, the best imaginable compromise would give emme- 
* tfopia at infinity during adolescence and emmetropia at 
arm's length in middle age, with distant-vision still attainable 
by the exercise of negative relative accommodation. This is 


almost precisely the average condition indicated by the data 
of Tables I and II. 


(Manuscript received September 11, 1939) 


REFERENCES 


I. Cocaw, D. G., Accommodation and the nervous system, Arch. Ophthal. 1937, 
18, 739. 
, 2. Lucien, M., anp Moss, Е. K., The avoidance of dynamic accommodation through 
the use of a brightness-contrast threshold, Amer. J. Ophthal., 1937, 20, 469. 
3. Lucxissn, M., амр Moss, F. K., The Science of Seeing, D. Van Nostrand, N. Y. 
1937. 


Journal of 


Experimental Psychology 


Vou. 26, No. 4 APRIL, 1940 


PREPARATORY SET (EXPECTANCY)—AN 
EXPERIMENTAL DEMONSTRATION 
OF ITS ‘CENTRAL’ LOCUS 


BY O. H. MOWRER, N. NELSON RAYMAN, AND EUGENE L. BLISS 
Department of Psychology, Institute of Human Relations, Yale University 


INTRODUCTION 


Any intimation that psychologically significant events 
can occur in the human nervous system without concomitant 
manifestations in ‘motor’? mechanisms (muscles or glands) 
is still tantamount in many quarters to a renunciation of 
scientific objectivism and a return to the presuppositions of 


theology and philosophy. With the abandonment of the [ү 


traditional methodologies of speculation and introspection, 
psychologists, especially in America, pinned their hope to the 
Watsonian doctrine that all mental processes involve peri- 
pheral stimulation and response, implicit or overt. During 
the past two decades, strenuous efforts have been made to 
justify this supposition, but the results have been equivocal: 
Sometimes a given psychological process is accompanied by ' 
detectable motor phenomena and sometimes not. Failure to 
demonstrate the sought-for concomitance has commonly 
prompted comment to the effect that the technique was in- 
adequate or that the experiment was not properly conceived. 
May it not be time to take stock of the situation realistically 
and make sure that we are not pursuing a will-o’-the-wisp? 
Presumably the only scientific grounds for wishing to 
make all psychological processes dependent upon concomitant 
357 
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stimulus-response sequences was the supposition that this 
would facilitate their empirical investigation. "This supposi- 


tion does not appear to have been justified. But in abandon- - 


ing it one does not have to give up the objective approach to 
psychological problems. In a recent study (8) the senior 
author has proposed a number of ways in which at least one 
important psychological phenomenon can be fruitfully in- 
vestigated with acceptable objectivity yet without recourse to 
the hypothesis that mental events necessarily involve reac- 
tions outside the central nervous system. The present paper 
is supplementary to the one cited and purports to give addi- 
tional support for the position here taken. 


PROBLEM 


Equating ‘attention’ and ‘preparatory set,’ a number of 
writers have undertaken to show that in the final analysis this 
phenomenon depends upon the assumption and maintenance 
of characteristic body postures and patterns of muscle 
tension... In many instances, where expectation of a given 
stimulus and preparation for appropriate action are very 
highly developed, peripheral adjustments are indeed con- 
spicuous. Optimally quick, efficient reactions frequently 
involve preliminary bodily orientation of a particular kind. 
One cannot, for example, leap into the air without first 
crouching. But in other instances of readiness for action of a 
particular kind, motor accompaniments are apparently lack- 
ing. One can, presumably, adopt and maintain a particular 
posture without necessarily being prepared for a given stimu- 
lus-response sequence, and one can likewise be so prepared 
without necessarily giving postural indications of this. These 
considerations suggest that posturing and muscle tensing are 
probably accessory rather than intrinsic aspects of the at- 
tentional process. The present investigation represents ай 
attempt to determine whether preparatory set (expectancy, 
attention) is or is not invariably reflected in motor accom- 
paniments. It is based upon the three following predictions, 


1 Cf. reviews by Dashiell (а), Freeman (a), Mowrer (о), Woodworth (10), and 
Young (12). р 
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which the experimental procedure described below was 
designed to test in the order in which these predictions are 
here listed: 


І. If human subjects are instructed to make the same, identical 
response (and that as quickly as possible) to either of two radically 
different stimuli whenever either type of stimulus is presented 
(‘divided attention’), they will show a longer latency of response 
to an uninterrupted series of presentations of only one of these 
stimuli than will subjects who have been instructed to expect 
and react to only the type of stimulus actually presented (‘unified 
attention’). 

П. If human subjects are instructed to make the same, iden- 
tical response to either of two radically different stimuli whenever 
either type of stimulus is presented, their response latencies 
will materially increase if an uninterrupted series of one type 
of stimulus is followed (unexpectedly) by the other type of stimulus. 

IIL Jf human subjects are instructed to make the same, 
identical response to either of two radically different stimuli 
whenever either type of stimulus is presented, their response 
latencies will materially increase if an expected change from one 
type of stimulus to the other fails to occur. 


These three predictions are based upon the assumption 
that if preparatory set is primarily dependent upon the 
position of and muscular tensions prevailing in the bodily 
member (or members) involved in the prepared-for reaction, 
this reaction should occur, under the conditions stated, with 
equal promptness regardless of which type of stimulus is used 
toelicit it. If, on the other hand, preparatory set is primarily 
a central phenomenon, greater expectation of one type of 
stimulus should, by virtue of the temporarily altered neural 
connections underlying this phenomenon, result in a lowering 
of the latency of response to the more expected stimulus and 
in an increase in the latency of response to the less expected 
stimulus. It can scarcely be supposed that the muscular and 
Postural preparation for making exactly the same type of 
Tesponse to two different stimuli is different for the two stimuli. 
If differences in the latency of such a reaction to these two 
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stimuli are found to occur with changes in expectation, if, in 
short, the three predictions made above are confirmed, this 
finding will support the hypothesis that preparatory set is 
primarily a ‘central’ rather than a motor phenomenon. 


PRocEDURE 


Thirty-nine male college students were employed as subjects in this investigation 
and were divided randomly into two groups. Group I contained 18 subjects and 
Group II contained 21 subjects? The procedure employed with Group I was as 
follows. Each subject was taken into a sound-proof room and seated in a comfortable 
chair, on the right arm of which was a telegraph key that could be conveniently oper- 
ated. The subject was then instructed to hold this key down with a gentle but constant 
pressure, releasing it only when a three-watt neon lamp, located five feet directly in 
front of him at the level of his eyes, flashed on or when a tone (43 d.b. above threshold, 
1,000 d.v. pitch) sounded in a pair of headphones, located three feet in front and to the 
right of the subject. It was explained that the reaction stimulus (light, tone) would 
remain on until the subject released the telegraph key and that the latencies of his re- 
actions would be accurately timed and recorded. An incentive for responding as ^ 
quickly as possible was provided by announcing that upon completing the experiment 
(which would require about 1o minutes), each subject would be told how his quickness 
of response compared with that of other persons under similar circumstances. It was 
made clear to each subject that after making a response, he was to push the key down 
again within a second or two and wait attentively for the next stimulus. Upon leaving 
the sound-proof room, the experimenter extinguished the illumination, with an ex- 
planatory remark to the effect that this was done in order that the subject's attentive- 
ness would not be impaired by irrelevant visual stimuli. 

After each Group-I subject was properly installed in the experimental situation, 
he received 10 tones at regular six-second interval. At the end of this series, the 
experimenter entered the sound-proof room and told the subject that he should now. 
dismiss the possibility of the light occurring as a stimulus and concentrate only upon 
the series of tones that was to ensue. The subject then received a second series of 10 
tones, identical with the first series. At the end of the second series, the experimenter 
again entered the sound-proof room and told the subject to resume his former attitude 
of readiness to respond to either tone or light and to maintain this attitude until the 
end of the experiment. Lights and tones were then presented in the following order: 
7 tones, 9 lights, 13 tones, 21 lights, and then 11 tones and то lights in simple alterna- 
tion, except for the fact that between the 9th and roth lights, two tones were presented 
in succession. The second of these tones occurred at the standard interval of six 

„Seconds after the preceding tone, i.e., at a point in time at which a light would have 
been expected in a simple alternation schedule. i 

The procedure for Group II differed from that employed with Group I in only one 
respect. Instead of being told at the beginning of the experiment to be prepared to 
react to both lights and tones, each of the 21 subjects in Group II was first told that he 
would receive and was to react as indicated above to a series of tones, with no mention 


? The difference in the number of subjects in the two groups was due to an in- 
advertence, not design. Ideally, the two groups should have been equally large, but in 


this particular investigation the slight inequality probably did not significantly affect 
the results obtained. 
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of any form of visual stimulation. After ro tones had been presented under these 
conditions, at regular six-second intervals, the experimenter entered the sound-proof 
room and told the subject that he should continue to react to the tone whenever it 
occurred but that in addition he should now also be prepared to react, in exactly the 
same manner, to the neon lamp (the location of which was indicated) whenever it 
flashed on. The experiment was then resumed, with the subject receiving tones and 
lights in the following order: 17 tones, 9 lights, 13 tones, 21 lights, and 11 tones and 10 
lights in simple alternation, except for the fact that between the 9th and roth lights, 
two tones were presented in succession, as explained in the preceding paragraph. 

It will be noted that the subjects in Group I and in Group II received the same 
number of tones (51 in all) and the same number of lights (40 in all) and in exactly the 
same order: 27 tones, 9 lights, 13 tones, 21 lights, and 11 tones and ro lights in the order 
already indicated. The only difference was in the instructions given to the two 
groups. During the presentation of the first 10 tones, the subjects in Group I were 
instructed to be prepared to react to both lights and tones, whereas the subjects in 
Group II were instructed to be prepared to react only to tones. During the presenta- 
tion of the second series of 10 tones, the conditions were reversed: the subjects in 
Group I were instructed to be prepared to react only to tones, whereas the subjects in 
Group II were instructed to be prepared to react to both lights and tones. From the 
end of the second series of то tones, i.e., from the 21st stimulus on, the subjects in both 
groups worked under identical instructions, namely, to be prepared to react to both 
lights and tones. 


REsuLts 

The solid-line curve in Fig. 1 shows the average reaction 
times, in milliseconds, of all 39 subjects to 10 successive tones 
(first 10 in case of Group I, second 10 in case of Group II), 
With subjects acting under instructions to react to both tones 
and lights. 'The dotted-line curve in Fig. 1 shows, on the 
other hand, the average reaction times, in milliseconds, of all 
39 subjects to 10 successive tones (second то in case of Group 
I, first 10 in case of Group II), when acting under instruc- 
tions to react only to tones. As will be noted, the average 
reaction times were consistently longer under the one set of 
instructions than under the other. 

The results presented in Fig. 1 fully confirm Prediction I 
as stated above. - 

The average reaction times of all 39 subjects to the suc- 
cessive series of tones and lights which followed the first and 
Second series of tone referred to immediately above are pre- 
sented in Fig. 2. The filled-in circles represent auditory 
Teaction times, and the open circles represent visual reaction 
times. It will be observed that whenever a change occurred 
in the nature of the reaction stimulus, the average reaction 
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‚times always increased markedly, thereafter quickly settling | 
to a fairly even baseline. (It will also be noted, incidentally, 
that the baseline for visual reaction time is somewhat higher 
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Fic, 1. Successive latencies of a simple response to a recurrent auditory stimulus 
(at six-second intervals) under two conditions: (a) subjects prepared, by instructions, 
to react only to auditory stimulation—dottedfline; and (b) subjects prepared to react 
both to auditory and to visual stimulation—solid line. 


than that for auditory reaction time, but this fact is of no 
immediate importance.) ‘ 

The results presented in Fig. 2 thus confirm Prediction П 
as stated above. 

In Fig. 3 the filled-in circles represent the average auditory 
reaction times of all 39 subjects and the open circles represent 
their average visual reaction times, with tones and lights 
succeeding each other in the order indicated. In making 
Prediction III, it was reasoned that if an increase in reaction 
time could be produced by changing from one type of stimulus 
to another when such a change is not expected (Prediction ID, 
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a similar increase in reaction time could be produced by failing 
to make such a change when it is expected. The most direct 
way of testing this assumption seemed to involve the pre- 
sentation of a number of tones and lights in simple alterna- 
tion, followed, let us say, by two tones in succession, where a 
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Fic. 2, Successive latencies of a simple response to alternating irregular series of 
auditory and visual stimuli, with subjects instructed to react to both. 


tone and a light would be the normal expectation. This 
reasoning accounts for the particular temporal order of the 
last 21 tones and lights presented in the present experiment. 
On the basis of Prediction III, the average reaction time to a 
tone presented in this series at a point in time at which a 
light would seem most probable should be significantly longer 
than the reaction time to the preceding tone. FA 
1 The results presented in Fig. 3 do not confirm Prediction 
IIL According to this prediction the average latency of 
response to the tone presented on the goth trial should have 
been significantly longer than the average latency of response 
to the tone presented on the 89th trial. As Fig. 3 shows, 
Such was not the case. 


ppm 
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Discussion 


The results presented in Fig. т so completely confirm the 
first of the three predictions made above that little additional 
comment is required on this score. With subjects prepared, 
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Fic. 3. Successive latencies of a simple response to auditory and visual stimuli 
presented in simple alternation, save for the two auditory stimuli occurring together 
near end of series. 


by instructions, to react to both lights and tones, their 
reaction times to a series of tones were consistently longer 
than when the same subjects were prepared to react to tones 
only. As already emphasized, the type of response made in 
both cases was exactly the same. If preparatory set (ex- 
pectancy, attention) is primarily a function of the position 
and tonicity of the responding member, readiness to respond 
to tone should have involved equal readiness to respond to 
light (or, in fact, any other stimulus) and vice versa. It should, 
therefore, have made no difference in the latency of such a 
response whether the subjects were instructed to be prepared 
to respond to both tones and light or only to tones. The 
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fact that response latency, which is here taken to be a valid 
measure of readiness or set, varies significantly under the two 
conditions stated is thus interpreted as meaning that set 
(expectancy, attention) is not primarily a function of the 
position and tonicity of the responding bodily member or 
members. It is inferred to be instead primarily a function of 
neural, or ‘central,’ factors. 

One of the most striking secondary characteristics of the 
two curves presented in Fig. 1 is the fact that they are rela- 
tively close together in the beginning (at their origin near the 
ordinate) and become progressively more widely separated. 
The present tentative hypothesis offered to account for this 
progressive divergence is that the downward trend of both 
curves was due to what may be termed ‘practice effect’ but 
that in the case of the upper curve this trend was retarded 
somewhat by the antagonistic influence of a second factor. 
With subjects prepared by instructions to react to tones only, 
expectation of (readiness for) this type of stimulation would 
presumably increase with each successive presentation of tone. 
In other words, the expectation established by the instructions 
would be strengthened by the actual experimental procedure, 
with a resulting increase in the speed of the ensuing reactions. 
If, on the other hand, subjects were told to be prepared to 
react to both lights and tones, such instructions would carry 
the implication that both tones and lights were going to occur. 
Under these circumstances, expectation of each type of 
stimulation would presumably be equally strong in the begin- 
ning, but with succeeding presentations of only one type of 

Stimulus, namely, tone, a change would necessarily occur in 
the set or attitude established by the instructions. 

If a group of human subjects are asked to predict how a 
tossed coin is going to fall, on the first trial about half of them 
will predict that the coin will land ‘heads’ up and about half 
‘tails’ up. If, now, the coin should happen to fall ‘tails’ 
On the first two or three tosses, the subjects will show an 
increasing tendency to predict ‘heads’ on the ensuing trials. 
If the coin falls ‘tails’ a few more times, all subjects are likely 


? Under some conditions there is actually a greater tendency to predict ‘heads’ on 
the first trial (3), but for purposes of the present discussion this fact can be disregarded. 
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soon to be predicting that on the next toss the coin will land 
fheads' up.* If, however, the coin continues indefinitely to 
land ‘tails’ up, the subjects will eventually cease predicting 
*heads' and will instead predict only ‘tails.’ They will, in 
short, abandon the hypothesis that the coin is behaving 
according to the laws of chance and adopt instead the hy- 
pothesis that the coin is ‘loaded’ or otherwise so controlled 
that it always falls in the same manner. 

Apparently something of this kind occurred when the 
subjects in the present experiment were prepared by instruc- 
tions to react to both tones and lights but were presented 
with only tones. With each successive presentation of tone, 
expectation of light conjecturally mounted higher and higher. 
If this occurred it would account for the fact that the upper 
curve in Fig. 1 descends so slowly, in comparison with the 
lower curve. With increasing expectation of light, readiness 
to react to tone would diminish, with consequent prolongation 
of the latency of response to the latter type of stimulus. Had 
it not been for what is here termed ‘practice effect,’ 5 the 
upper curve in Fig. 1 would presumably have actually risen 
rather than fallen. 

The validity of the foregoing explanation can be readily 
tested in the following fashion. If one group of subjects 
were instructed to be prepared to react to both tones and 
lights in the manner described above and were then presented 
with a series, let us say, of 30 or 40 tones exclusively, and if a 
second group of subjects were instructed to be prepared to 
react to tones only, the curves obtained by plotting the aver- 
age reaction times of the two groups would at first presum- 
ably diverge, just as the two curves shown in Fig. 1 do, but 
eventually the curve for the first group:would descend and 

4This tendency to be swayed in one’s prediction of future chance events by the 
nature of past chance events has been called ‘gambler’s fallacy.’ Logically it is in- 
deed a fallacy, but it shows the primordial force of immediate experience in shaping 
behavior. Moreover, in many situations there is always the possibility that a given 
type of event which has previously behaved in a chance manner will not do so in the 


future. ‘Gambler’s fallacy’ thus has a potential adaptional value. 
5A theoretical basis for this effect will be given in a later paper. 
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coincide with the curve for the second group. This would 
occur at the point at which the subjects in the first. group 
abandoned the ‘light-tone-hypothesis’ established by the 
instructions and adopted, on the basis of experience, a simple 
*tone-hypothesis. The results of such an experiment will 
soon be reported. 

The results presented in Fig. 2 also confirm so fully the 
second of the three predictions made at the outset of this 
paper that there is here again need for relatively little dis- 
cussion. These results clearly support the view that pre- 
paratory set, as measured by the rapidity of the response for 
which the set is appropriate, involves neural factors which are 
capable of varying quite independently of posture and muscu- 
lar tonicity. There is apparently no other basis for explaining 
the dramatic way in which the latency of the response under 
investigation increased when an uninterrupted series of the 

.one type of stimulus was succeeded by the other type of 
stimulus. 

It may, of course, be suggested that this effect was cor- 
related with variations in the motor adjustments of the 
respective sense organs, but this possibility is very remote. 
Hall and von Kries (4) demonstrated more than half a century 
ago that the latency of a simple reaction to a standard visual 
stimulus presented in the periphery of the retina may be as 
much as 44 percent greater than the latency of reaction to the 
same stimulus presented in the forvea. On the assumption 
that during a long series of tones the subjects in the present 
investigation allowed their eyes to wander widely from the 
Point in space at which the neon lamp was located, it could 
be reasoned that this variation in sense-organ adjustment 
caused the delay in speed of reaction on the first presentation 
of the ensuing visual stimuli. However, since movement of 
the ears could not be made similarly to account for the in- 
creased latency of the reactions to the first of a series of tones 
following a series of lights, such a theory has little сорепсу. 

* For a discussion of the role of ‘hypothesis’ formation, based upon habits of 
estimating probabilities, in determining behavior in another type of experimental 
situation see articles by Humphreys (6) and by Humphreys, Miller and Ellson (7). 
See also Goodfellow (3). 
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Neither can the well-known difference in the latency of 
simple. and choice reactions be used to explain the results 
here reported. Instructions to make precisely the same reac- 
tion to both lights and tones have very different psycho- 
logical implications than do instructions to react to one and 
not to the other of two stimuli or to react differently to the 
two. Nor is there any evident connection between the 
present findings and the fact that a so-called *motor set' 
has been found to give more rapid reactions than a so-called 
*sensory set." 

The senior author (9) has elsewhere stressed the apparent 
delicacy of reaction time as a measure of preparatory set and 
of its conscious correlate, expectancy. A good illustration 
of this is to be observed in Fig. 2. In the part of the experi- 
mental procedure represented here, the first three changes 
from one type of stimulation to the other occurred after two 
series of tones and one series of lights which contained a not 
too highly irregular number of homogeneous presentations, 
ranging from seven to thirteen. However, the second series 
of lights contained 21 presentations. During this series the 
average reaction time dropped rapidly during the first six 
presentations, but then began to increase and continued to do 
so for the next eight presentations. This increase in reaction 
time is tentatively interpreted as meaning that after the first 
six presentations of the visual stimulus, the subjects began to 
expect, on the basis of their immediately preceding experience, 
a possible change to the auditory type of stimulus. This in- 
creased expectation of tone had the effect of lowering the 
degree of preparedness for reacting to light, with consequent 
lengthening of the latency of response to the latter type of 
stimulus. When, however, a change from lights to tones 
failed to occur by the 14th presentation of light, expectation 
of change underwent a gradual decay, as evidenced by the 
increasing speed of reaction to light from the 14th presentation 
on to the end of the series. The validity of this interpretation 
will be subjected to experimental test in the near future, at 
which time an attempt will also be made to determine whether 
the reaction-time measure of expectancy is more or less 
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sensitive than introspection. The reaction-time technique 
has, in any event, the very important advantage of lending 
itself to precise quantification, which introspection does not. 

Since Prediction III is scarcely more than a correlary of 
Prediction II, which was conclusively verified by the results 
reported above, it is something of a mystery why Prediction 
III was not similarly confirmed. Inasmuch as this latter 
prediction was tested at the very end of the experimental 
procedure employed in this study, it may have been that 
fatigue, confusion, loss of interest, or some similar influence 
was operative. Or perhaps the succession of lights and tones, 
which were presented in simple alternation, was too short to 
establish a strong simple-alternation ‘hypothesis.’ A re- 
check of Prediction III is to be made shortly in which these 
possibilities’ will be examined. 

Another perplexing feature of the results presented in 
Fig. 3 is that the average latency of response to the light 
presented on the 72nd trial was considerably shorter than 
might have been predicted. Prior to this point in the ex- 
periment, changes from one type of stimulus to the other 
had always been followed by a more or less protracted series 
of presentations of the same type of stimulus (see Fig. 1 and 
Fig. 2). It might have been supposed, therefore, that when, 
on the 71st trial, a tone was presented after a long, homoge- 
neous series of lights, the subjects would have taken it for 
granted that there would now follow a long series of tones. 
Such an expectation, if it existed, should have materially 
increased the latency of response to a light presented at this 
time. It is true that the average latency of response to the 
light actually presented on the 72nd trial is somewhat longer 
than the average latencies of the several succeeding reactions 
to lights, but the latency of this response, occurring as it did 
to a presumably unexpected type of stimulus, might well have 
been as great or even greater than the latency of response to 
the tone that was presented on the 71st trial. Tt is interesting 
to note, incidentally, that the two tones presented in suc- 
cession on the 89th and goth trials were apparently sufficient 
to establish a fairly strong expectation of more tones, rather 
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than lights, as is indicated by the relatively long latency of 
response to the light presented on the gist trial. 

One of the most striking aspects of the results portrayed in 
Fig. 3 is the consistently longer latencies of the responses 
made to lights than of those made to tones. This finding has, 
however, no direct relevancy to the main objectives of the 
present study and merely confirms what has long been known 
concerning the relative latencies of visual and auditory 
responses. А 
RELATED EXPERIMENTS 


Of the various prior investigations that directly or in- 
directly support the main finding of the present study, 
namely, that preparatory set has important ‘central’ involve- 
ments which may vary independently of the position and 
muscular tonicity of the responding bodily member or mem- 
bers, perhaps the most relevant is that reported relatively 
recently by Hathaway (5). Using action-potential recording, 
this writer was unable to detect any changes in the muscles 
of the arm which coincided with the development of readiness 
for a simple reaction, following the presentation of a warning, 
or ‘ready,’ signal. However, as already pointed out, in- 
vestigations of this kind, involving an attempt to show the 
presence or absence of muscular concomitants of preparatory 
set by direct examination of the responding member, are 
always open to the criticism that they were not sufficiently 
refined, that the technique employed was not definitive, and 
soforth. That a similar objection cannot be so readily made 
to the method of approach employed in the present investiga- 
tion is an important advantage." 

Apparently the only Prior use of the particular technique 
here described is that reported by Wundt (тт) in 1880.. The 
following quotation will show the basic similarity of findings ' 
as well as method. 


Slighter, but still very noticeable, is the retardation [in quickness of response] 
when the experiment is so arranged that the observer [subject], ignorant whether 
the stimulus is to be an impression of light, sound or touch, cannot keep his at- 
tention turned to any particular Sense-organ in advance. One notices then at the 
same time a peculiar unrest like the feeling of strain which accompanies the at- 
tention keeps vacillating between the several senses (p. 243), 


7 An extended review of other similar studies has been presented elsewhere (8). 


^ 
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Although Wundt’s observations in this connection were 
not systematically quantitative, it is clear from the foregoing 
passage that he took it for granted that the lengthening of 
reaction time noted under these conditions represented 
*vacillations? in ‘attention,’ which he would presumably have 
identified as a ‘central’? phenomenon. Subsequent writers 
have sometimes attempted to make so-called ‘selective at- 
tention,’ i.e., the differential reactivity of an organism to 
particular sensory stimuli, wholly dependent upon the motor 
adjustment of the various special sense organs. Human 
beings as well as many other types of animals can, to a 
limited extent, select the stimuli to which they respond by 
means of sense-organ manipulation. These adjustments are 
largely muscular in character and thus provide a possible 
basis for a ‘motor’ theory of preparatory set (attention, 
expectancy) which stresses the receptor rather than the 
effector end of the response arch as the locus of this phe- 
nomenon. However, as already demonstrated by the findings: 
of the present investigation, ‘selective attention’ may be 
prominently manifested by human subjects under experi- 
mental conditions in which no concomitant changes in sense- 
organ adjustment are evident. If this phenomenon cannot 
be correlated with the motor adjustments of either sensory or 
reaction mechanisms, as the present findings suggest, the 
only remaining alternative is the conclusion that it has a 
‘central’ locus. 


SuMMARY 


On the basis of the hypothesis that preparatory set (ex- 
pectancy, attention) is mediated principally by neural rather 
than by neuro-muscular mechanisms, three predictions are 
made. The results of an experiment designed to test these 
predictions unambiguously confirm Prediction І and Predic- 
tion II, but they do not confirm Prediction ПІ. Conjectured 
reasons for the non-confirmation of this latter prediction are 
offered and proposals made for their experimental verification. 

The delicacy of reaction time as a measure of preparatory 
Set is stressed and exemplified. Other incidental features of 
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the findings of the present investigation are noted and Ь 
discussed. : 
(Manuscript received November 1, 1939) 
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THE ROLE OF EYE MOVEMENTS IN THE 
AUTOKINETIC PHENOMENON * 


BY ALEC SKOLNICK 


Princeton University 


When a stationary point of light is fixated in the dark, 
there occurs for nearly all observers an illusion of movement, 
which is commonly known as the autokinetic phenomenon. 
Although the illusion was first reported in 1799, there is no 
accepted explanation. The obvious and simplest explanation 
in terms of involuntary eye movements was proposed as early 
as 1879 by Hoppe (9), and was endorsed by many subsequent 
writers. At the present time, however, investigators are 
agreed in rejecting the eye-movement hypothesis on the basis 
of experimental results and of logical arguments. It is the 
purpose of this paper to reconsider the eye-movement hy- 
pothesis as an explanation of the autokinetic phenomenon. 

The possibility that large involuntary eye movements in- 
fluenced the illusion was tested by Charpentier (5) in 1886. 
He arranged dots of light in a group so that only the central 
dots were visible when the observer fixated. If any large 
eye movements occurred, dots beyond the periphery of the 
original visual field would come into view. Charpentier 
found, however, that the central group appeared to move 
Without any change in pattern, and concluded that large 
involuntary eye movements did not account for the illusion. 
The same conclusion was reached by Bourdon (2) whose 
technique was to turn on the general illumination after the 
light-spot had appeared to move to some considerable dis- 
tance. He found that the eye still fixated the stimulus- 
object. Marx (тт), also, had evidence against large eye 


* From The Psychological Laboratory of Princeton University. 
1The history of the experimental studies of the autokinetic phenomenon has been 
treated fully by Adams (1). The development of the eye-movement hypothesis has 
been summarized by Guilford and Dallenbach (8). 
: 373 
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movements as the cause of the illusion. While the subject 
was observing the illusory movement, Marx suddenly fully 
opened a shutter around the fixated point of light, thus ex- 
posing a glowing filament which produced an after-image. 
The subject then fixated a dot on a piece of paper, and 
marked on the paper the point of projection of the after- 
image. If the eye moved during the illusion, the projected 
after-image would be displaced from the dot. But it was : 
found that in 80 observations, fixation was quite exact 30 
times, and in the other cases the deviations were small. 
Further evidence on the same point is that of Ziehen 
(14) who found in the cases of two hemianopics that the 
stimulus-object, at times, appeared to have moved into the 
blind half of the visual field. 

In opposition to these conclusions, Carr (3) found that 
large eye movements could produce illusory movement. 
However, Carr believed that the apparent movement pro- 
duced by large movements differed from the autokinetic 
phenomenon as it is usually defined. In the former case, the 
spot of light moved away from the apparent fixation point. 
In the latter case, spot and apparent fixation point moved 
together. 

That large involuntary eye movements are not necessary 
to produce the autokinetic effect seems well established. 
Nevertheless, the possibility remains that when such move- 
ments do occur they may have a marked effect on the illusion. 

That small involuntary eye movements are effective in 
producing the autokinetic phenomenon is also possible. 
Guilford and Dallenbach (7), however, believed that Hunter 
has provided logical proof that apparent movement cannot be 
due to nystagmus of small amplitude. Hunter (10) was 
primarily concerned with the after-effect of visually observed 
motion, and gives the following reasons why retinal displace- 
ments due to nystagmus could not condition the after-effect: 


` 1. Where the nystagmic sweep of the eye is wide, one should be able to duplicate 
the retinal displacements voluntarily. Such voluntarily initiated eye-movements do 
not result in the customary after-movement. This is taking for granted that a retinal 
displacement produced by a voluntary act has the same meaning as one produced by ё 
reflex act. 
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2. If large movements cannot produce the required phenomenon, it seems un- 
warranted to assume that nystagmic movements of microscopic extent would do so by 
the retinal displacements involved. 


— Ziehen (14), specifically considering the autokinetic phenom- 
enon, attempted to see if very small voluntary eye movements 
in a definite direction called forth illusory movement in this 
direction. The result was negative. 

The argument that would eliminate the eye-movement 
hypothesis on the ground that the illusion cannot be repro- 
duced by voluntary nystagmic eye movements is striking in 
its weakness. 'The eye-movement hypothesis, whenever 
specifically elaborated, is concerned with involuntary eye 
movements. Logically, the first test of the hypothesis is to 
determine if the illusion occurs when involuntary eye move- 
ments are induced. Such a test is easily made by employing 
any technique which induces nystagmus, as is shown in the 

following experiment. 


ROTATIONAL AND CALORIC NYSTAGMUS 


Experiment 1 : 

A point of light, obtained by masking incompletely the 
bulb of a small flashlight, was attached to a motor-driven ` 
rotating chair. The light was set up in the line of regard of the 
subject, and at a distance of one meter from his eye. 

While fixating the light attached to the chair the subject, 
in each trial, was rotated 15 times. Rotation was in the 
counterclockwise direction, so as to produce an after-nystag- 
mus with the first phase to the right. When rotation had 
ceased, the subject, still fixating the light, was required to 
report on his visual experiences. . 

Nine subjects were used in a total of 16 trials. In every 
Case, it was reported that after the cessation of rotation, the 
Spot moved to the right (and continued to do so for some 
Seconds). The reports varied only in that sometimes the 
movement was smooth, and at other times jerky; for one 
subject the spot jumped back and forth, but with a greater 
tendency to the right than to the left. у 

The results of this experiment are consistent with the 


476 ALEC SKOLNICK 


visual experiences that ordinarily occur after rotation. How- 
ever, the subjective experiences during and after rotation are 
complicated by the fact that the visual experience of move- 
ment is often accompanied by the sensation of bodily rotation. 

This difficulty can be avoided by eliciting nystagmus 
through caloric rather than rotational stimulation. Uni- 
lateral irrigation of the ear with cold water (14 to 20 degrees 
Centigrade) evoked illusory movement of the spot of light in 
the contralateral direction. This was consistently found to 
be true with 10 subjects who were submitted to a total of 49 
trials. The effect is striking. If care is taken to stop the 
irrigation a few seconds after the subject reports the start of 
the illusion, over-stimulation, with its concomitant bodily 
disturbance, is prevented. The naive subject has no idea 
that his eyes have been set into activity; he is aware only of 
the rapid movement of the spot of light. Phenomenally, the 
experience does not differ from the autokinetic effect. 

These simple investigations with rotational and caloric 
nystagmus show clearly that the autokinetic phenomenon 
can be due to involuntary eye movement. 


On Exner’s OBSERVATION 


Nevertheless, a significant objection to any eye-movement 
hypothesis is raised by an experiment of Exner (7). His 
apparatus was simply a small black disc, mounted on white 
cardboard, with a pinhole in the center. The light through 
the pinhole and the illumination of the room were regulated 
so that the black spot, with the point of light in its center, 
could just be seen clearly. Exner found that when the point 
of light was fixated, an illusion could occur in which the light 
moved about within the disc, never reaching the boundary, 
while the disc moved in its own way. Independent movement | 
of the spot and disc cannot be due to eye movement, since 
eye movement would displace the pattern as a whole upon the 
retina. 

Exner’s observation has been verified by Schilder (12), 
but other investigatiors have failed to confirm it. Bourdon 
(2), using a luminous circle enclosing a bright cross made up of 
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9 points of light, found that the figure moved as a whole. 
However, this arrangement differs considerably from that 
used by Exner. Simon (13) also failed to confirm the ob- 
servation. He observed, in a dark room, a bright point of. 
light in a dimly luminous disc, and reported that the light 
and disc moved together. Ziehen replaced Exner’s disc with 
a square in order to make observation easier, and reported 
that small movements of the spot within the square occurred 
rather often, but that usually the spot and square moved 
together. 

Thus, Exner’s observation is not firmly established; but if 
the spot and disc can behave independently in autokinetic 
movement, the fact would appear to be a crucial argument 
against the possibility that eye movements condition the 
illusion. Therefore, the following experiment was undertaken: 


Experiment 2 


A preliminary exploration made it apparent that Exner’s 
observation could be confirmed by fixating, in a dark room, a 
bright spot within a dimly luminous disc. This technique, 
originally used by Simon, yielded him negative results. 

There was some evidence in this preliminary work that the 
independent movement of the spot and the disc was not of the 
same nature as the autokinetic phenomenon. Parts of the 
disc seemed to fade out and reappear. Thus, it is possible 
that the displacement of the spot relative to the disc might 
be explained in terms of the process of light adaptation. It 
is suggested that if the eye adapts to the entire luminous 
Pattern of spot and disc, then, with the slight shift of the 
eye to refixate the spot, there would be a shift of the retinal 
area that is stimulated by the disc. Thus, part of the disc 
would stimulate a new region of the retina and be quus 
Visible; the rest of the disc would stimulate an adapted region 
E the retina, so that it would not be visible or would be in- 
distinct. With parts of the disc fading out and reappearing, 
the Spot would lose its central relation to the disc, and would 
&ve illusory movement. 


Tt seemed possible that a partial test of the adaptation 
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hypothesis could be made by replacing the customary disc 
with a luminous circle. The rim of the circle offers much less 
area as a stimulus than does the surface of the disc. It 
follows from the adaptation hypothesis that the illusion 
should be absent or at least reduced under these circumstances. 

Therefore, the Exner experiment was modified by using as 
stimuli: (1) a bright point of light in the center of a dimly 
luminous disc of 1.3 cm diameter and (2) a bright point of 
light in the center of a luminous circle of 1.3 cm inner diameter, 
and 1.5 cm outer diameter. Ten subjects, all of whom had 
had some experience in observing the autokinetic phenom- 
enon, made observations on each stimulus and reported any 
movement perceived in the plane of the pattern. 

Every subject reported independent movement of the 
spot and disc, although in no case did the spot leave the disc. 
Some subjects spoke of the spot as moving within the disc; 
others maintained that the spot was stationary, while the 
disc moved about it. Most subjects also saw readily the 
pattern of spot and disc moving as a whole. For the spot 
and circle, on the other hand, ever subject reported that the 
pattern moved as a whole. Two subjects were occasionally 
able to see, in addition, very slight oscillation of the spot 
within the circle. 

Exner's observation of independent movement of spot 
and disc is, then, amply confirmed. But in the observations 
of the spot within the circle, this effect was so much reduced 
that only two of the ten subjects reported it as occurring even 
slightly. This result favors the adaptation hypothesis. 
Further evidence comes from the introspective reports of the 
observers. Nine subjects reported that the disc changed in 
shape; of these, 5 specifically stated that the disc faded on one 
side. 

The result of this experiment indicates that Exner’s 
original observation does not necessarily invalidate the eye- 
movement hypothesis for the autokinetic phenomenon. 
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PHOTOGRAPHIC STUDIES OF THE AUTOKINETIC PHENOMENON 


In addition to the indirect tests reported above, a direct 
photographic study of the role of eye movements in the 
autokinetic phenomenon was carried out by Guilford and 
Dallenbach. The corneal reflections from the eyes of the 
subjects were photographed while the illusion was occurring. 
During the course and at the close of the experiments the 
subject made drawings of the path of the illusory movement 
of the spot of light, for comparison with the photographic 
records. The writers reported that the photographic records 
showed no large movements of the eye during the illusion. 
They found the small eye movements to be too limited in 
extent to account for the large illusory movements of the 
light, and too irregular and too few in number to account for 
the small oscillatory movements of the light. They con- 
cluded, therefore, that eye movements are not essential 
conditions of the phenomenon. 

The significance of the negative results of this photographic 
study is, however, limited. In the first place, only the hori- 
zontal component of the eye movements was recorded by the 

"photographic technique, whereas the direction ordinarily 
taken by the illusion is very largely vertical. "This difficulty 
is true for many of the records published by Guilford and 
Dallenbach. In the second place, it should be pointed out 
that the sensitivity of their recording instrument was 0.7 mm 
displacement of the eye line for one degree of voluntary eye 
movement. ‘This is a sensitive instrument, but its sensitivity 
in the detection of eye movements compares unfavorably with 
the sensitivity of the eye in detecting the movement of a 
point of light. The threshold for the perception of real 
movement of a point of light in a homogeneous field, as cited 
by Duke-Elder (6), is about 10 minutes of arc per second. 
If the eye must move a comparable amount per second to 
Produce an illusion of movement, then a single eye movement. 
Producing a minimal illusion would be indicated on the record 
as a displacement of .12 mm per second. Furthermore a true 
test of the eye-movement hypothesis must take into account 
the Possibility that the illusion results from the summation of 
the effects of a rapid series of nystagmic eye movements. 
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It would seem, then, that the technique of Guilford and 
Dallenbach should be applied under conditions in which the 
direction of the illusion is controlled (for a maximum hori- 
zontal component) and in which the speed of the illusion is 
marked, before it can legitimately be concluded that eye 
movements are not essential to the autokinetic phenomenon. 


Experiment 3 


The next phase of this research deals with the photo- 
graphic study of eye and head movements during the percep- 
tion of the autokinetic phenomenon under different conditions. 

The photographic records were obtained with the ophthal- 
mograph (American Optical Company), ordinarily used for 
the study of eye movements in reading. This instrument 
simultaneously photographs corneal reflections from both 
eyes, producing two eye lines on continuous film. A head 
record was substituted for one of the eye lines by the follow- 
ing procedure: The subject was required to wear rubber 
goggles from which the glasses had been removed. A paste- 
board blind, upon which was mounted a little glass sphere, 
was set into one of the windows. The glass bead concen- 
trated and reflected the beam of light from the ophthalmo- 
graph, producing a fine line indicative of head movement. 

The camera was modified to give both a time record and 

‚ also а signal record. The camera lights were masked so that 
they did not illuminate the apparatus and room. Since the 
light shone into the eyes from below, there was considerable 
glare in the lower portion of the visual field. The rest of the 
field, however, was homogeneously dark, and when a point of 
light was introduced into it, the autokinetic effect readily 

“appeared. 

The rated sensitivity of the ophthalmograph is 1 mm dis- 
placement of the eye line per 2 degrees of eye movement. 
The instrument, then, is somewhat less sensitive than that of 
Guilford and Dallenbach. 

Part 1.—Twenty-five records were obtained from 21 sub- 
jects while they observed the ordinary autokinetic phenom- 
enon in the horizontal direction. Nine of these records 
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revealed appropriate eye movements, showing nystagmus 
with the fast phase in the same direction as the illusion. 
Fourteen records were of questionable significance, showing 
considerable eye movement, but no clear nystagmus that 


Fic. т. An eye-movement record taken during observation of the autokinetic 
phenomenon. The frequency of the nystagmus is 6 cycles per second, and its fast 
phase is in the same direction as the apparent movement of the light-spot. 

All the records read from left to right. An upward deflection of the eye-line indi- 
cates an eye-movement to the right; downward to the left. The records are all in the 
original size except for this figure which is magnified 5 times. c 

Fic.2. A sample of an eye record taken in the period of recovery from strain of 
30 degrees. "The fast phase of the nystagmus is in the same direction as the illusion 
reported by the subject. The time line is in seconds. 1 

Fic. з. Portion of a record taken in the period of recovery from an eye strain 
of 5o degrees. The fast phase of the nystagmus is in the direction of the illusion. The 
head lines are retouched. " 

Fic. 4. Portion of a record taken in the period of recovery from a strain of 50 
degrees. The record is questionable, since the relation of the activity of the eye to the 
direction of the illusion is not apparent. 
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would determine the direction of the illusion. The remaining 
2 records showed very little eye movement. Figure 1 is an 
example of appropriate eye movement. Careful examination 
reveals a tiny nystagmus; the fast phase is to the right, 
corresponding to the direction of the illusion. The deflec- 
tions are slight and not very apparent to direct exa minations, 
but they are convincingly revealed under the microscope. 
Part 2.—When the eye is voluntarily turned to one side and 
is held there, a marked autokinetic illusion results which is 
in the same direction as the eye strain. On cessation of the 
strain, an illusion usually occurs in the direction opposite to 


the original strain provided the eye was turned through a 
large angle (3). The purpose of this experiment was to de- 
termine if the condition of relaxation after eye strain, which 


produces a striking autokinetic effect, would give С 
ing photographic records. 

Spots of light, individually controlled, were so plilced that 
the lines from them to the center of the subject’s eye formed 
angles of 25, 30, 50 or 60 degrees with the original direct line 
of regard. When a particular light was turned on, the sub- 
Ject was required to maintain an eye strain at the determined 
angle for 30 seconds. Then this spot was turned off, and the 

. Spot, directly in front of the subject, which the subject was 
directed to fixate, was turned on. Photographic records were 
taken while the subject observed the illusion in this period of 
recovery from strain. 

A record was made on each of IO subjects during the 
period following a 25 or 30 degree strain. Seven subjects 
reported the illusion. Three of their records showed appro- 
priate eye movements; 4 were questionable. The remaining 
3 subjects reported no illusion and the records showed very 
little eye movement. Figure 2 is an ‘example of a positive 
record. 

Thirty-four records on 26 subjects were made of the period 


2 The 25 degree angle was introduced into the experiment as an alternative to 30 
degrees when it was found that the headrest of the camera obstructed the vision of some 
subjects for the latter angle. Strain at 60 degrees seemed too severe to some subjetts, 
80 it was discontinued after a few trials. The records at this angle were lumped with 
those of 50 degrees, since no difference in the results was apparent. 
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following a 50 or 60 degree strain. The illusion was reported 
in 28 cases. Twenty-four of the corresponding records 
showed appropriate eye movements and 4 were questionable. 
In the 6 instances in which no illusion was observed, very little 
eye movement was indicated by the record. Figure 3 il- 
lustrates the results obtained when the illusion was marked. 
Figure 4 is an example of a questionable record. 

The results of these experiments indicate that under con- 
ditions that tend to make the autokinetic effect more marked, 
appropriate eye movements are detected more readily, 
Positive records are more frequent and the nystagmus shown 
is greater in extent. The series of Figures 1, 2, and 3, illus- 
trates the increased amplitude of nystagmus that accompanies 
the effects of increased strain. It has been maintained (4) that 
the eye does not move in the period of recovery from strain. 
The experimental results refute this contention, although 
it is not certain that eye movements are always to be found 
in the recovery period. 


AFTER-IMAGE SUPERIMPOSED ON THE FixaTED LIGHT 


A significant objection to the eye-movement hypothesis 
arises from the observation of Carr (3) that an after-image 
projected onto a point of light participates in the illusory 
movement. Any movement of the eye would separate the 
spot from the after-image, since the spot would be displaced 
on the retina while the after-image maintained a fixed retinal 
position. The following experiment is a study of simultane- 
ous movement of spot and after-image. 


Experiment 4 


Part r.—]t has been demonstrated that illusory move- 
ment of the spot, indistinguishable from the ordinary auto- 
kinetic illusion, accompanies nystagmus. The purpose of 
this part of the experiment was to determine the behavior of a 
Spot and superimposed after-image during nystagmus. 

The rotating chair of Experiment 1 was used. An after- 
image of an upright cross within a circle was formed by ex- 
Posing the eyes of the subject to an illuminated electric light 
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bulb masked to produce this pattern. In each trial, when 
the after-image had been formed, the subject was rotated 1$ 
times clockwise. The subject was required to report on all 
of his experience throughout the experiment, but particularly 
on the movement of the spot and after-image after cessation 
of rotation, 

Nine subjects were used. The distance of the light bulb 
from the eye of the subject was usually one meter. The 
distance was changed to 2 meters in a number of trials, to 
see if changing the size of the after-image would markedly 
influence the results. ] 

At either distance of the after-image, it was found that 
any of 3 effects could occur: 


1, The spot moved to the left, and simultaneously the after- 
image drifted to the right. (18 reports.) & 

2. The after-image remained stationary, and the spot jumped 
jerkily to the left within it. (11 reports.) 

з. The spot and the after-image moved together to the left. 
(9 reports.). 


Effects 1 and 2 lend themselves readily to explanation. 
In effect 1, in which the spot and after-image separate, 
nystagmus would explain the illusory movement of the spot. 
A large drift of the eyes might account for the drift of the 
after-image. The drift would also increase the illusory move- 
ment of the spot. "The subjects were aware of the large eye 
movement when it occurred, and could inhibit the drift of 
the after-image by voluntary effort. Та effect 2, in which the — 
after-image remains stationary, the movement of the spot can 
be explained in terms of simple nystagmus, which would leave 
the after-image unaffected. In effect 3, contrary to the 
expectation that eye movement must separate spot and after- 
image, is revealed the interesting fact that simultancous 
movement of the two can occur under conditions that are 
calculated to produce involuntary eye movements. This 
phenomenon is treated objectively in part 2 of this experiment. 

Part 2.—The purpose of this part of the experiment was to 
study the horizontal eye and head movements of the subject 
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while he observed horizontal movement of spot and super- 
imposed after-image. 

The effect was studied in the period of recovery from eye 
strain rather than in the period after rotation, in order to 
simplify the photographic technique. An after-image was 
formed on the right eye of the subject, who was then required 
to strain his eyes at an angle of 50 degrees for 30 seconds. 
Next, the subject fixated a spot directly in front of him (zero 
degrees), and photographie records were taken while he ob- 
served the illusory movement during this recovery period. 

Eleven records were obtained, with 3 subjects, while they 
observed horizontal movement of the spot and superimposed 
after-image. In every case, nystagmus was evident in the eye 
line. Furthermore, as can be seen in Figure 5, large drifts 
of both the head and the eye lines occurred, 

Special tests showed that the large drift of the eye line, 
when it accompanied a similar drift of the head line, did not 
necessarily indicate a loss of fixation, Movement of the 
head alters the geometrical relations between the eye, camera, 
and beam of light in such a manner that the eye record is 
shifted in the same direction in which the hedd is displaced, 
even though the eye maintains its fixation, 

Because of the important role played by head movements 
in this group of records, additional tests were made with one. 
subject in which a biting board was used to keep the head 
steady. In preliminary trials during the period of recovery 
after strain to the right, it was found that the after-image - 
remained stationary, while the spot jumped jerkily to the left 
within the after-image. (Cf. effect 2 of Experiment. 2.) 
After a few trials, however, the subject was able to obtain а 
timultancous movement of spot and after-image even under 
these conditions. Three records were then taken. | In each 
case, the сус line showed a great deal of a „аз shown in 
Figure 6. The head line was steady in two of the records 
but showed a little drift in the third. + 
.— The trials in which the head was not restrained by the bit- 
ing board yielded results which are easily interpreted. Ла in 
the cases above, the nystagmic eye movements can account 
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Signal 

Fic. 5. А record, showing head and eye lines, taken in the period of recovery from 
a strain of 50 degrees. The subject was observing simultaneous movement of a spot 
and superimposed after-image. The head of the subject was unrestrained. 

Fic. 6. A record taken in the period of recovery from strain, during observation 
of the simultaneous movement of a spot and superimposed after-i A biting 
board was used to restrain the head of the subject. Head lines are retouched. 

Time 
Eye 
Signal 
Time 
Eye 
Head 
Signal 


Fic. 7. Portions from a typical record of eye movement during caloric irrigation. 


The section on the left, from the beginning of the record, shows no nystagmus although 
the illusory movement of the spot had started. The section in the center, from the 
middle of the record, shows a slow nystagmus. The section on the right, from the 
end of the record, shows no nystagmus; but the illusion, although reduced, was still 
present. 


Fic. 8.’ Portion of a record of caloric irrigation which shows a very marked 
nystagmus. 


| 
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he movement of the spot. Then, it is known that as the 
‘is rotated, an “‘after-image will always be seen in front 
the head, and consequently its position in relation to the . 
nk of the body will vary as the head is moved” (4). Thus, 
he head rotates in the direction of the illusory movement | 
he spot, the after-image moves in the same direction. 
long as the spot is fixated (within the limits of the small 


and spot, relative to one another, can occur. 

he activity of the eye that occurred when the head was 
ained took no definite form that would lead to a ready 
erpretation. However, nystagmic eye movements again 
ight account for the movement of the spot. But to ac- 
count for the drift of the after-image, it would seem that the 
must assume the function that otherwise is performed by 
unrestrained head. It may be that drift of the eye in 
uit of the illusion accounts for the movement of the after- 
mage. If the drifts are short, and are followed by rapid 
oluntary refixations, the displacements of the spot within 
e after-image would be very slight. Such oscillatory dis- 
lacements frequently are reported, but they are not very 
'onounced in the complex perceptual situation that involves 
€ observation of marked simultaneous movement of spot 
d after-image. Figure 6 is a sample record which might 
ll be consistent with the interpretation of the eye line as à 
Summation of semi-voluntary drifts and involuntary eye. 

ements. 

s has been pointed out earlier, the argument has been 
ced that the simultaneous movement of spot and after- 


ng the autokinetic phenomenon, This argument is re 
d by the work on rotation and by direct photographic 
ence, thus.restoring as a possibility the eye-movement 


CALORIC NYSTAGMUS 

t will be remembered that what appears to be the auto- 
c illusion can be elicited by caloric irrigation which is 
to produce nystagmus. The illusory movement of the 
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spot is in the same direction as the fast phase of the nystagmus 
to be expected from the irrigation. Since the illusory move- 
ment of the spot starts up slowly, gathers speed, and finally 
subsides, it is important to determine the temporal relations 
between the nystagmus and the illusion. 


Experiment 5 


Ten photographic records were obtained on three subjects 
during observation of the illusion induced by irrigation of the 
ear with cold water. In order that the records of caloric 
nystagmus might vary, a range of temperatures from 15.5 to 
20 degrees Centigrade was used. То insure a marked effect 
in each trial, the caloric stimulation was continued for 20 
seconds after the subject had signalled the beginning of the 
illusion. 

The typical record, illustrated in Figure 7, shows no ob- 
servabable nystagmus during the early part of the illusion. 
Some time after the spot has begun to move, nystagmus ap- 
pears and rises in amplitude. Then the nystagmus slowly 
diminishes. The fast phase of the nystagmus is in the direc- 
tion of the illusory movement. During the latter part of the 
illusion, nystagmus is no longer observable in the record. 

The records, however, vary. In one case of very marked 
illusion, Figure 8, nystagmus was found throughout the record, 
following the pattern of a rise to a maximum and then gradual 
subsidence. At the other extreme, one record shows no 
nystagmus at all, although the illusion was present. 

It is clear that nystagmus and illusory movement are 
closely related. Although nystagmus is not always ob- 
servable, the direction of the illusion is always the same as the 
fast phase of the nystagmus when it occurs, and is consistent 
with the direction of expected nystagmus when it is not de- 
tected. The results of this experiment, furthermore, are 
consistent with those presented above: positive records of eye 
movement are easily obtained during marked phases of il- 
lusory movement. When the illusion is not marked the 
records of eye movements frequently become questionable or 
negative. 
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It is more than possible that the photographic technique 
is not adequate to a full solution of the problem of the role of 
eye movements in the autokinetic phenomenon. ‘The sensi- 
tivity of the method, as was pointed out above, is not great as 
compared with the sensitivity of the eye? It is exceedingly 
difficult, moreover, to integrate the tiny deviations of the 
eye line on a record which is frequently marred by the in- 
trusion of presumably extraneous, random movements of the 
eye and complicated by movements of the head. 


DIRECT OBSERVATION 


Some of these difficulties can be overcome by direct ob- 
servation of the corneal reflection on the ground glass focussing 
screen of the ophthalmograph. The eye of the observer can 
integrate the repeated excursions of the nystagmus and can 
ignore some of the extraneous fluctuations. Furthermore, 
the method of direct observation has the advantage that the 
eye movements can appropriately be studied during illusions 
of any direction. A similar approach was used by Carr (3), 
who observed the eye directly, sighting through a system of 
threads. He concluded that in the ordinary illusion no 
movements of the eye-ball, other than irregular spasmodic 
twitchings, occur. But the present observations led to the 
following experiment: 

Experiment 6 

The subject was seated at the ophthalmograph in the 
usual manner. The experimenter observed the corneal 
reflection on the focussing screen, and when the movement of 
the corneal reflection indicated nystagmus or large involun- 
tary drifts of the eye, he called out the probable direction of 
the illusion. The subject then responded with the actual 
direction. Records were kept by an assistant. The dis- 
crimination of direction was limited to 8 possibilities; up, 
up-right, right, right-down, down, down-left, left, and left-up. 

he experimenter was also permitted the category *station- 


2 An attempt was made to study eye movements during the illusion by amplifying 
the electrical changes that occur during rotation of the eyeball. The electrical method 
Was not found to be as satisfactory as the photographic method for the detection of very 
small eye movements. 
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ary’ for pauses in the illusion. Ten calls constituted a series. 
The call of the experimenter can agree in part with the report 
of the subject. It might be reasonable to score such calls as 
half-correct since the judgment is determined by the con- 
sideration of two factors, the phase of nystagmus and the 
direction of large drift. The data actually were scored as 
correct, half-correct, and incorrect. But to avoid undue 
complication in comparing the results with the scores that 
could be expected by chance, partially correct calls have been 
treated as incorrect. A precise determination of what 
constitutes a chance score is not possible due to the freedom 
in time permitted to the experimenter in calling his observa- 
tions. But as the calls fall into 9 categories, we may con- 
sider that a chance score would be about 11 percent. Series 
of calls were made during observation of the ordinary auto- 
kinetic illusion and also under conditions of recovery from 
eye strain. Four unselected undergraduates (majors in 
Psychology) and the writer acted as experimenters. Twenty- 
six subjects were used. The gross data totalled 790 calls: 
479 correct, 116 half-correct, 195 incorrect: Thus, of the 
total, 60.6 percent were fully correct. 

Due to the fact that the illusion persists in any direction 
for an unpredictable but appreciable length of time, it was 
possible that the experimenter, by repeated calling, could 
make runs of accurate judgments. То eliminate this possi- 
bility, every call which repeated, either wholly or in part, the 
previous report of the subject was discounted. The calls 
then totalled 341: 195 correct, 36 half-correct, 110 incorrect. 
Thus, 57.2 percent were fully correct. 

The scores are considerably higher than chance though 
they fall far short of perfection. It must be remembered, 
however, that the judgments are dificult; not only must 
extraneous fluctuations of the corneal spot be discounted, but 
the discrimination between the fast and slow phases of a rapid 
and small nystagmus can easily be erroneous. There seemed, 
also, to be individual differences in the ability of the ex- 
perimenters to make the observations. One experimenter 
was consistently better than the others. Another experi- 
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menter became irritated with the task, and his scores were 
low. f 

On the other hand, there is the possibility that the report 
of the subject was influenced by that of the experimenter. 
Therefore, a variation of the procedure was substituted during 
22 series of the ordinary autokinetic illusion. When the 
subject was satisfied that the illusion was pursuing a definite 
direction, he flashed a signal demanding that the experimenter 
make a report. The experimenter then recorded his observa- 
tion in writing. Finally, the subject announced the direction 
of the illusion. These tests totalled 220 calls; 85 correct, 61 
half-correct, 74 incorrect. The number correct is 38.6 per- 
cent of the total. This procedure, then, shows a marked drop 
in the accuracy of calling. But the loss can hardly be at- 
tributed entirely to the factor of suggestion. The under- 
graduate experimenters objected to the introduction of this 
difficult procedure which required constant fixation of the 
spot on the focussing screen, and the ability to make a very 
rapid judgment on the basis of the movements of the corneal 
‘spot that had occurred prior to those occupying the attention 
of the experimenter. Nevertheless,.the best experimenter 
was not greatly disturbed by this supplementary procedure, 
His calls totalled 60: 29 correct, 25 half-correct, 6 incorrect. 
Thus, 48.3 percent were fully correct. _ f 

The results of this experiment are brought together in 
Table т. This table shows that the scores for the illusion in 
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the period of recovery from strain do not differ markedly from 
the scores at zero degrees. This is due to the fact that the 
definite and predictable direction of the recovery period lasts 
but a few seconds, and then the illusion assumes the random 
movement of the ordinary autokinetic phenomenon. When 
this is taken into consideration, the results of the method of 
direct observation of eye movements compare very favorably 
with the photographic results. 

It is concluded that the ‘irregular spasmodic twitching’ 
that previously has been found in the direct observation of the 
eye during the autokinetic phenomenon is significantly 
regular. 

SUMMARY 


In this experimental study of the autokinetic phenomenon, 
the eye-movement hypothesis has been re-examined. The 
following results have been obtained: 

I. Illusory movement of a spot of light which cannot be 
distinguished by the subject from the ordinary autokinetic 
phenomenon is produced by stimulation which is known to 
induce nystagmus. К 

2. Exner’s observation of independent movement of а 
disc and pinhole at its center is confirmed. The results of 
Our experiments indicate that this phenomenon is not neces- 
sarily an argument against the eye-movement hypothesis. 
It seems, rather, that Exner’s results can be explained in terms 
of the process of light adaptation. : 

3. A photographic study of the autokinetic phenomenon 
demonstrated appropriate eye movements in a number of 
cases. Under conditions which produced a marked auto- 
kinetic effect, the eye movements are striking. 

4. It was demonstrated that apparent movement of a spot - 
and of a superimposed after-image can occur together when 
the eyes of the subject are moving. Such simultaneous 
movement can occur in the period after rotational stimula- 
tion. The photographic technique reveals eye and head 
movements during observation of the effect in the period of 
recovery from strain. When movement of the head i$ 
restrained, the eyes are very active. 
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с. The insensitivity of the photographic method in de- 
tecting eye movement relative to the sensitivity of the eye 
in detecting movement of a spot of light, is indicated by 
theoretical considerations, and by the frequent failure of the 
photographic technique to reveal nystagmus when illusory 
movement was induced by caloric irrigation. 

6. Direct observation of the corneal reflection in the focus- 
sing screen of the ophthalmograph, makes the nystagmic 
twitching of the eye directly apparent. The experimenter 
is able to determine the direction of the autokinetic illusion 
with an accuracy that well exceeds chance expectation. In 
the study of the ordinary autokinetic effect, the method, of 
direct observation proves to be more sensitive than the 
photographic technique. 

The experimental reconsideration of the eye-movement 
hypothesis for the autokinetic phenomenon shows that the 
arguments levelled against the hypothesis are invalid. On 
the other hand, considerable evidence in favor of the hy- 
pothesis is revealed. f 


(Manuscript received October 3, 1939) 
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A COMPARISON OF HUMAN AND CHIMPANZEE 
SPECTRAL HUE DISCRIMINATION CURVES? 


BY WALTER F. GRETHER 
Yale Laboratories of Primate Biology 


I. INTRODUCTION 


It has been well established by the studies of Kénig and 
Dieterici (1892), Steindler (1906), Laurens and Hamilton 
(1923), and Wright and Pitt (1934) that the typical curve of 
human hue discrimination as a function of wave-length is 
characterized by primary minima in the yellow and blue- 
green regions of the spectrum. For the occurrence of these 
minima there is a satisfactory explanation in the three sensa- 
tion curves of the Young-Helmholtz theory. The most 
rapid hue changes in the spectrum occur where the stimulation 
of one type of receptor is falling off rapidly and that of an- 
other type is increasing, roughly at the crossing points cf the 
blue and green, and green and red sensation curves. All of 
the above investigators found a secondary minimum in the 
Violet region. "This can be explained by the secondary rise 
of the red sensation curve at the short wave-length end of the 
spectrum. Steindler, and Laurens and Hamilton found 
another secondary minimum in the red region. Since no 
such secondary dip was found by Kónig and Dieterici, and 
Wright and Pitt, its validity is somewhat doubtful. 

In contrast to the hue discrimination curves for normal 
trichromatic vision, Hecht and Shlaer (1936) have shown the 
curves of dichromats (two deuteranopes and one protanope) 
to contain only one region of fine discrimination, roughly 
equivalent to the blue-green minimum for trichromats. : 
Steindler’s (1906) finding of a protanopic minimum in the 

1 The author wishes to express his gratitude to Doctor Robert M. Yerkes for mak- 
ing possible the construction of the spectral apparatus needed in this study and for 


offering suggestions which were helpful in the execution of the experiment. The 
author is also indebted to Doctor Henry W. Nissen for much valuable advice. 
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yellow region is negated by lack of brightness control. The 
single minimum for dichromats corresponds in wave-length 
to the crossing point of the two sensation curves assumed by 
the Young-Helmholtz theory to explain this type of color 
blindness. It would seem, therefore, that the spectral hue 
- discrimination curve can be of considerable aid in an analysis 
of visual receptor mechanisms. 

Hitherto the only use of the spectral hue discrimination 
curve for the analysis of vision in an animal has been by 
Hamilton and Coleman (1933) for the pigeon. They found 
this bird to have maximum hue discrimination in the same 
two regions as do human beings. On the basis of this finding 
these investigators concluded that the visual mechanism of 
the pigeon probably was trichromatic. 

The purpose of the present experiment was to compare the 
spectral hue discrimination curves of chimpanzees and human 
beings, and thus to further our understanding of the evolu- 
tionary history of human color vision. Earlier work toward 
this end by the author (1939) has uncovered evidence of 
dichromatic vision in cebus monkeys. The author also 
found evidence that in rhesus monkeys (1939) and chimpan- 
zees (in press, a) vision for the long wave-length end of the 
spectrum is slightly less well developed than in man, but that 
in chimpanzees (in press, b), at least, there is no shortening of 
the spectrum. 


П. Apparatus, TECHNIQUE, AND SUBJECTS 


3 The specific apparatus used in this study has been described in another article 
(in press, a), and more detailed features of the monochromators used to provide spectral 
Colors have been given in two earlier publications (Grether, 1935; MTM 
Spectral colors projected upon two separate diffusing surfaces were viewed tuoque 
Blass windows. By pushing against these windows the animals gained access to. 
food rewards. 

The present experiment followed one (in press, 
had been measured at three spectral points, 640 mu, 
preceding study limens had been determined to within one millimicron of wave-length 
difference without interpolation. In the present experiment ecd pod 
Upon a single series of five diminishing wave-length differences, with a ep Age 
E each difference, Experimental sessions consisted of 25 trials, five trials on ей color 
Pair of the series. "The point at which a discrimination curve based upon such а 
Series crossed the criterion line (ie, linear interpolation) determin сосе 
Except for the limen farthest in the red, the two points (one above о 


а) in which difference limens had 
589 mu, and 500 mu. In the 
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criterion line) used for linear interpolation were never separated by more than two 
millimicrons. Р 

Since the animals had already been trained to choose the more гей of two stimuli, 
testing was begun in the red end of the spectrum. Limens were then measured at 
intervals passing down through the spectrum to the violet end. Because of the high 
limens in the red end of the spectrum, measurements were made at intervals of 
20 mu, In the remainder of the spectrum the limens were spaced by 10 mu steps. 
Because of the gradual color change in passing down through the spectrum, tests could 
be made at successive points without additional training. Down to and including 510 
mu the variable color was of shorter wave-length than the fixed color. At and below 
500 mu the variable color was of longer wave-length. In all cases the longer wave- 
length color was the positive stimulus whether variable or fixed. 

Brightness controls were carried out by varying the relative brightnesses of the two 
colors from trial to trial. Cues from pattern effects in the lights were controlled by 
alternately taking the positive color from one monochromator for five trials, and then 
from the other for an equal number of trials. This control also compensated for any 
slight, undetected differences in calibration of the two monochromators. 

Tt was, unfortunately, impractical to measure all limens at the same brightness 
level, since the spectral lights in the blue and violet regions were quite dim. In Fig.I 
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is shown the variation in average brightness level at which tests were made. These 
brightness data for the monochromators are based on energy determinations by means 
of a thermopile. Also, the photometric brightness was measured in the yellow region 
with a Macbeth Illuminometer, With the aid of visibility data for the average, human, 
photopic eye it was then possible to convert the energy values into millilamberts- 
Because of the Purkinje effect under the conditions of darkness at which tests were 
made, the shorter wave-length colors were relatively brighter than the values given in 
Fig. т. However, the photopic brightness is presumably the important value for hue 
discrimination. 

The purity of the spectral colors also varied with wave-length. The range of 
wave-lengths in the color band, at the brightnesses used, varied as shown in the broken 
line of Fig. т. This curve, as that for brightness, represents merely average values, 
since the brightness controls involyed changes in both intensity and purity of the 
colors. 
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The animals used in this study were immature, laboratory-born chimpanzees. 
The sexes and ages to the nearest half year were as follows: Hal, male, 3 years; Tom, 
male, 53 years; Beta, female, 7 years. Raisins, or pieces of apple or banana, depending 
on individual preferences, were used as food rewards. 

To provide, for purposes of comparison, a human hue discrimination curve in 
addition to those of previous investigators a woman (M. G.) was also tested for limens 
throughout the spectrum. Except for the use of shorter series of wave-length differ- 
ences, and the use of verbal rewards, these measurements were made in the same manner 
as those for the animals. 


III. RESULTS 


The complete results are presented in Fig. 2. The actual 
limens of the animals are indicated by the circles, triangles, 
and squares. These points have been plotted on the abscissa 
at wave-lengths midway between the central wave-lengths 
of the fixed and variable colors. For example, with the 
fixed color at 640 mu, a limen of 12 mu was plotted at 634 mu. 
Drawn through the means of these limens is the solid line 
representing the unsmoothed, chimpanzee hue discrimination 
curve. 

Also shown in Fig. 2 is the unsmoothed hue discrimination 
curve for the one human subject. For purposes of comparison 
the composite hue discrimination curve of Wright and Pitt 
(1934) for five human subjects is included. Of the several 
similar curves that could have been used for comparative 
purposes this one from Wright and Pitt was chosen because 
it represents the discrimination of several subjects. Also 
the brightness control appeared somewhat more adequate 
than in most of the other studies. Except for the absence of a 
secondary red minimum, this curve from Wright and Pitt 
tesembles those of other investigators. 

A check mark drawn in some of the symbols of Fig. 2 
indicates that these limens were taken from the data of the 
earlier study of hue discrimination at three sprectral points. 
As the experiment progressed a suspicion arose that these 
limens might have been lower if determined after the addi- 
tional practice had by the animals. The limens at 500 mu 
Were, therefore, redetermined, and the curve at this point 1s 
based upon these later data. As the points show, the dis- 
crimination of Beta and Tom was somewhat better on the 
Second measurement, although that of Hal was poorer. At 
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640 mu only the limen of Beta was redetermined and found 
to be slightly higher. The slight rise in the curve at 589 mu 
suggests that these limens would have been slightly reduced 
had they been measured a second time. 

Since the limens at the last point in the red region were 
extremely high they have been plotted on a separate scale 
marked off at the right side of Fig. 2. The limen for the 
human subject at this point was 12.3 mu, which was too low 
to be plotted on this scale. 


IV. Discussion oF FINDINGS 
In discussing the findings of the present study there are two 
general problems. First, how can the differences between the 
human hue discrimination curve, as determined by the present 
method, and the earlier curves be accounted for? Second, 


"what valid differences are there between the hue discrimina- 


tion curves of chimpanzee and man? 


The Effect of Method of Determination upon the Form of the 
Hue Discrimination Curve 

Both the chimpanzee hue discrimination curve and that 

for the one human subject differ in certain respects from the 

curves of Wright and Pitt and other investigators. The 

chief differences are that the central rise and the minimum 

in the blue-green region are, in the present curves, both shifted 


toward the shorter wave-lengths. Another difference is the | 


absence of the secondary minimum in the violet region in the 
present curves. 


_ The author is inclined to attribute the absence of the 
violet dip to one or more of three experimental conditions. 
The low brightness of the spectral lights at this end of the 


spectrum most likely made maximal hue discrimination 


impossible. The purity of the spectral colors probably was | 


lower than that used by some of the previous investigators. 


Also, the 10 mu separation between test points may have |. 


been too gross to show a minimum as short as that in the 
violet region. 

The shift of the blue-green minimum toward the shorter 
wave-lengths is somewhat surprising, especially since the 
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brightness at which the tests were made dropped off rapidly 
toward this end of the spectrum. Laurens and Hamilton 
(1923), however, found that hue discrimination is quite 
constant over a considerable brightness range. It is unlikely 
that the one human subject, for whom a discrimination curve 
was determined, was atypical. At 500 mu, one of the crucial 
points, the limens of two other human subjects tested at 
three spectral points (in press, а) had limens equally high. 
For the shift in position of the central maximum and the 
blue-green minimum in this study, as compared to the earlier - 
ones, dissimilarities in experimental method offer a plausible 
explanation. 

The usual method of determining human hue discrimina- 
tion limens has been to allow the subject to change the wave- 
length of one of two colors until it differs perceptibly from the 
other. When the brightnesses are not equated, as in the 
case of Steindler's (1906) measurements, such a limen does not 
represent purely hue discrimination. The just noticeable 
difference may be based largely upon brightness inequalities. 
This is especially true in the region around 500 mu where the | 
visibility curve has a very steep slope. In the central region 
_and at the two extremes of the spectrum, where brightness 
varies less with wave-length, such limens are more valid 
measures of hue discrimination. 

In the experiments of Kónig and Dieterici (1892), Laurens 
and Hamilton (1923), and Wright and Pitt (1934) the subjects 
themselves equated the brightnesses. Nevertheless, at li- 
minal values it is quite difficult to distinguish between bright- 
ness and hue differences, and the spurious influence upon the 
limen of rapidly changing brightness may not have been 
avoided entirely by allowing the subject himself to equate the 
intensities. The close resemblance of the hue discrimination 
Curves of the above investigators to those of Steindler, in 
respect to the position of the blue-green minimum, supports 
the foregoing interpretation. 

Obviously the psychophysical method in the present ex- 
periment differed markedly from that used in the earlier 
studies with human subjects, and it appears quite probable; 
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in view of the above discussion, that this methodological 
difference accounts for the shift in position of the blue-green 
minimum and the green maximum. The present psycho- 
physical technique was a modified method of constant stimuli. 
The experimenter rather than the subject controlled the 
changes in wave-length and brightness. Instead of merely 
recognizing the existence of a hue difference, the subject was 
required to judge the direction of the difference by choosing 
the positive color. Because of the method of controlling the 
intensity factor, this judgment was usually made with unlike 


rather than equated brightnesses. Whereas the rapid change 
| in spectral brightness in the blue-green region may have 
| 


lowered the limens in the earlier studies, it could hardly have 
had such an effect in the present study. 

Whether or not the above interpretation is correct, the 
present results raise the question as to whether the previously: 
determined human hue discrimination curves are entirely 
valid. The psychophysical methods used probably were not 
the most satisfactory. A redetermination by the method of 

«constant stimuli might find curves resembling more closely 
those of the present study. 


Comparison of Chimpanzee and Human Hue 
Discrimination Curves 

In an earlier study the author (in press, a) found evidence 
that chimpanzee hue discrimination is slightly inferior to that 
of man at the long wave-length end of the spectrum. The 
Present results are consistent with this finding. At the last 
Point at which tests were made, with the fixed color at 660 
mu, the limen of the one human subject was only one-half 
the mean of the chimpanzee limens. At 640 mu the separa- 
ou between the chimpanzee and human curves is large, and 
Continues in some degree down to a wave-length of about 570 
mu. In the shorter wave-length end of the spectrum the | 
chimpanzee curve conforms rather closely to that of the 
human subject used in this study. The deviations from the 
curve of Wright and Pitt in the blue and green regions have 
already been discussed. 


‘al 


402 WALTER F. GRETHER 


The significance of the slight inferiority of chimpanzee hue 
discrimination in the long wave-length end of the spectrum 
has already been discussed in relation to color vision evolution 
in another publication (in press, а). The results offered in the 
present report support the interpretation that the evolu- 
tionary development of color vision in these apes is equivalent 
to that in man except for differentiation of color differences in 
the long wave-length end of the spectrum. In comparison 
with dichromatic vision, however, the inferiority of chimpan- 
zee hue discrimination is very slight. It would seem almost 
certain, from the form of the hue discrimination curve, that 
the color vision of chimpanzees is trichromatic. 


V. Summary AND CONCLUSIONS 


By measuring difference limens at intervals throughout 
the spectrum, hue discrimination curves were obtained for 
three chimpanzees and one human subject. Comparisons 
among these and the curves found by earlier investigators 
for human subjects permit the following conclusions: 

I. The precise form of the human hue discrimination curve. 
varies with the psychophysical method of measuring the 
limens. It is probable that in the traditional curves the blue- 
green minimum is displaced toward the longer wave-lengths 
because of confusion of hue with brightness differences. 

2. The chimpanzee hue discrimination curve is essentially 
like that of man except for higher limens at the long wave- 
length end of the spectrum. 

3. Because of the similarity in form of the hue discrimina- 
tion curves it is highly probable that chimpanzee color vision 
is basically like that of man, and hence, trichromatic. 


(Manuscript received October 20, 1939) 
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A TACTILE GENERALIZATION GRADIENT FOR A 
PSEUDO-CONDITIONED RESPONSE * 


BY DAVID A. GRANT 
Stanford University 
AND 


DANIEL G. DITTMER 


University of Wisconsin 


The purpose of the present study was to investigate the 
possible existence of a tactile generalization gradient resulting 
from pseudo-conditioning the galvanic skin response. Pseudo- 
conditioning may be defined as the formation of a set to 
respond to a formerly inadequate stimulus following a series 
of presentations of some strong unconditioned stimulus. 
The unconditioned stimulus is never presented simultaneously 
or nearly simultaneously with the inadequate or pseudo- 
conditioned stimulus. 

In connection with research in conditioning, a number of 
writers (cf. 4) have reported control experiments in which 
pseudo-conditioning was evident. Pseudo-conditioning of 
the galvanic skin response was reported by two of these 
writers, Switzer (13) and Steckle (12). In a study of factors 
affecting the galvanic skin response, Davis (2) reported what 
corresponds to pseudo-conditioning, when he stated that 
strong stimulation results in an increase in the responsiveness 
of the skin resistance mechanism to weaker stimuli. 

Data bearing on the generalization of pseudo-conditioned 
responses have been reported in two studies. Harlow and 
Toltzien (7) found that pseudo-conditioned responses were 
generalized to non-experimental or neutral environments 
where shocks had not been administered. The strength and 

* This experiment was carried out at the University of Wisconsin during the 
summer of 1939 and was supported in part by a grant from the graduate research fund 


for 1939-40. The writers wish to thank Dr. Harry F. Harlow for suggestions and 
criticism during the course of the experiment. 
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frequency of the pseudo-conditioned responses were not as 
great in the neutral environment as in the experimental 
situation. Grant and Meyer (4) reported that the frequency 
of pseudo-conditioned hand withdrawals elicited by a buzzer 
placed near the shocked hand was greater than the frequency 
elicited by a buzzer placed at a distance. 

The present experiment continues the study of the 
generalization of pseudo-conditioned responses. 


PROCEDURE 


The apparatus and general technique were in all respects similar to that reported 
in a previous study by the present writers (3). 

The subject was in a room separate from that in which the controlling and record- 
ing apparatus was located. Auditory stimuli were eliminated by a constant noise 
screen, and visual stimuli were minimized by the location of the subject’s cot and the 
placement of a wooden auxiliary screen. 

The pseudo-conditioned stimuli were provided by vibro-tactile stimulators of the 
type described by Bass and Hull (x). 

The unconditioned stimulus was an interrupted induction shock, the intensity of 
which was adjusted so that most of the subjects reported it to be unpleasant but not 
ate The electrodes were two zinc strips fastened about 5 mm apart on a block of 
wood. 

Presentation of all stimuli was controlled by the pendulum of a Dodge photo- 
chronograph. The duration of each vibro-tactile stimulus was 435 msec., and the 
duration of each shock stimulus was 190 msec. 

The galvanic skin response was recorded by the Féré technique. The electrodes 
and recording galvanometer were the same as those used in the previous study (3). 
T Fifteen male students served as subjects in the present experiment. They ranged 
in age from 19 to 26, with a median age of 22. Only one of the subjects knew anything 
of the nature of the experiment. The record of one additional subject was discarded 
without having been read because one of the vibro-tactile stimuli was accidentally 
Paired with a shock stimulus during a pseudo-conditioning series. 

The subject lay prone on a cot. The vibro-tactile stimulators, placed approxi- 
mately three and one-half to four and one-half inches apart, were glued about two inches 
to the right of the midline of the back, starting at the shoulder and continuing to the 
waist. In the case of seven subjects, the shock electrode was taped about one-half 
inch cephalad of the vibro-tactile stimulator on the shoulder. For the remaining 
eight subjects, the shock electrode was taped about one-half inch caudad of the waist 
stimulator, f 

As in the previous study, alternating series of tactual stimuli and shock stimuli 
were given. Each Tactile stimulus series consisted of two stimulations from each vibro- 
tactile stimulator at intervals of from 10 to 30 sec. ‘These stimulations were given in 
balanced permutational orders to eliminate the influence of adaptation, Each Pseudo- 
conditioning series consisted of five single shocks at intervals of from 10 to 30 sec. 

‘The order of presentation was as follows: 


I. Tactile stimulus series, pre-pseudo-conditioning. 
п. Pseudo-conditioning series. 
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III. Tactile stimulus series, test. 
IV. Pseudo-conditioning series. 
V. Tactile stimulus series, test. 
VI. Pseudo-conditioning series. 
VII. Tactile stimulus series, test. 
VIII. Pseudo-conditioning series. 
IX. Tactile stimulus series, test. 


In all cases, the interval between each pseudo-conditioning series and the following 
‘tactile stimulus series was varied at random between 10 and 30 secs. The interval 
‘between each tactile stimulus series and the following pseudo-conditioning series was in 
excess of one minute in the case of three subjects and in excess of two minutes in the 
case of the remaining twelve subjects. 


RESULTS 


The mean and probable error of the galvanic skin re- 
sponses to shock was 10.38 +.92 mm. The unit of all 
galvanic skin responses reported in the present study is one 
mm deflection on the scale of the galvanometer. 

The vibro-tactile stimulator in close proximity to the 
point at which the shocks were delivered was numbered о, 
with the remaining stimulators numbered 1, 2, and 3 re- 
spectively in order of their distance from o. 

In the pre-pseudo-conditioning trials, before any shocks 
had been given, the means and probable errors of the skin 
responses to each vibro-tactile stimulus were as follows: 

Port STIMULATED 


o I 2 3 
M. zx P.E............3.85 45.66 3.51 Æ 57 4.09 + .63 2.80 + .60 


The probable errors given above were calculated from the 
complete distributions of the raw data. The critical ratios 
(mean differences divided by the standard errors of the mean 
differences) between the pre-pseudo-conditioning responses to 
the stimulators taken pair by pair are presented below. 


: t 2 3 
9 +50 37) 2.39 
I 71:34 1.27 
2 2.98 


A positive critical ratio indicates that the difference favored 
stimulation nearer point o, and a negative critical ratio indi- 
cates the difference favored stimulation nearer point 3: 
‘Thus, the critical ratio of the difference between the amplitude 
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of the responses to point О and point 2 is .37 in favor of point 2. 
'The standard errors used in the critical ratios were computed 
from distributions of mean differences (1.е., each subject ac- 
counted for a single entry in the distribution of differences 
between point o and point 3). 

The difference between the mean deflections of point o and 
point 4 is not statistically significant (CR = 2.39). This 
difference may very well be due to the fact that the subject 
knew from the placement of the electrodes and the experi- 
menter's explanation that the shock was to be administered 
near point о. With this knowledge, stimulation of any point 
on the back would quite likely cause a response, unless the 
difference between the stimulated point and point o was 
clearly discriminated, even before shocks were administered. 

'The mean galvanic skin response of each subject to each 
stimulator is presented in Table 1. These averages include 


TABLE 1 
Pszupo-conprrionep GarvaNic Skin Responses TO DIFFERENTIALLY PLACED 
ViBRO-TACTILE STIMULI * 


Point Stimulated 


Subject 
o І 2 3 
I 2.13 2.06 1.50 1.56 
2 1.94 1.69 1.25 0.56 
3 4.38 3.00 3.38 3.50 
4 1.69 1.38 1.75 1.38 
5 1.63 1.38 0.63 о.81 
6 2.88 2.00 3.56 2.13 
7 2.38 2.88 2.94 2.38 
8 11.13 12.50 12.75 8.63 
9 3.63 3-19 2.25 144 
10 4.19 3.81 3.88 3-31 
п 2.38 1.94 1.25 1.81 
12 3.94 5.19 2.69 313 
13 4.88 2.56 5.50 244 
n 0.56 0.56 0.75 0.7 
15 2.06 2.56 1.63 | 1 
Mean+P.E. 3.33.55 3.12.65 ~ 3.04.59 2342-48 


d Each column lists the means of the galvanic skin responses of the individual 
Subjects for the point stimulated. Column o designates the point of stimulation which 
Was in close proximity to the point at which the shock electrodes were placed. Col- 
umns 1, 2, and 3 represent points of vibro-tactile stimulation which were placed at 
Successively distant intervals from point о. The means and probable errors are based 
9n the raw data summarized in each column. С 
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the data of all trials after the initial pseudo-conditioning 
series. The usual variability (1, 4, 8, 9, 10, 11) in the gradi- 
ents of individual subjects is to be found in this table. 

The means and probable errors summarizing the galvanic 
skin responses of all subjects for each of the tactile stimuli 
appear at the bottoms of their respective columns. The 
critical ratios between the pseudo-conditioned responses to 
the stimulators taken pair by pair were as follows: 


1 2 3 
o .88 1.25 4.80 
I 20 2.79 
2 2.26 


The mean deflections are also plotted graphically in Fig. 1, 
mean galvanic skin response against stimulus placement. 
The data give a gradient of decreasing response-magnitude 


340 


GALVANIG SKIN RESPONSE (MM) 
S 
© 


o 4 2 3 
POINT STIMULATED 


Fic. 1. Tactile generalization gradient resulting from pseudo-conditioning the 
è galvanic skin response. 
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showing no inversions. The critical ratio of the gradient 


БЕ. 
of the individual differences between the mean deflection to 


stimulator o and the mean deflection to stimulator 3, as in the 
previous study (3). The critical ratio of the difference be- 
tween the mean response to О and the mean response to 3‘ 
was 4.80 after pseudo-conditioning, as contrasted with the 
critical ratio of 2.39 before pseudo-conditioning. A critical 
ratio of 4.80 signifies that such a difference would be found 
in less than 1 in 10,000 random samples if a true difference 
did not exist. However, the size of the sample used necessi- 
tates a more conservative interpretation. Although the mean 
response elicited by stimulating point 2 exceeded the mean 
response to stimulation at point o before pseudo-conditioning, 
after pseudo-conditioning the difference favored o with a 
critical ratio of 1.26. 


4 in Fig. 1 ) was computed from the distribution 


Discussion 


The average galvanic skin response to stimulation at each 
point is less after the pseudo-conditioning than in the pre- 
pseudo-conditioning trials. This fact is not unusual, how- 
ever, having appeared in the conditioning studies of Bass and 
Hull (т), Hovland (8, 9, то, 11), and the present writers (3). 
The lower amplitude of reaction is due to the rapid adaptation 
of the galvanic skin response (cf. Davis, 2). 

The averaged results of the present experiment give à 
clear-cut generalization gradient for the pseudo-conditioned 
Tesponse tendency. Davis (2) attempted to explain the in- 
creased galvanic skin responsiveness to weaker stimulation 
following strong stimuli in terms of a lowering in the amount 
of polarization at the electrodes caused by the skin reaction 
to the strong stimuli. ‘This lower polarization then permitted 


the response to weaker stimuli to result in a greater flow of 


Current through the electrodes and hence to indicate a seem- 
ingly larger shift in skin resistance. Since the location of the 
galvanic skin electrode and hence the site of depolarization 
was the same for all four of the stimulators, this explanation 
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cannot account for the appearance of the gradient in the 
present study. The gradient must be explained in terms of 
some kind of central process, whether that process involves 
hyperexcitability of the response centers due to a general 
increase in emotionality or whether it involves some kind of 
discriminatory response set which is not subject to verbaliza- 
‘tion. If a general increase in emotionality is a partial basis 
for an explanation, the clear-cut polarity of the gradient re- 
mains to be accounted for in some other way. А discrimina- 
tory process is definitely involved. 

From another viewpoint, the results of the present experi- 
ment might be seen as involving conditioning by spatial 
contiguity rather than by the usual temporal contiguity. 
The fact that the pseudo-conditioning gradient is more reliable 
than the conditioning gradient of the previous study (3) may 
be due, in part, to the fact that the spatial relations of the 
stimulus conditions (discrimination of which is mirrored in 
the gradients) are laid down by the locus of the unconditioned 

* stimulation and need not be conditioned by repeated paired 
reinforcements. That is, the ‘reinforced’ pseudo-conditioned 
Stimulator acquires its greater excitatory power by virtue of the 
perception of already existing and easily discriminable spatial 
relationships between the loci of the pseudo-conditioned and... 

_ unconditioned stimuli, whereas the corresponding excitatory of 
signalling power of the reinforced stimulator in the ordinary 
conditioning experiment must be acquired through the somewhat 
less efficient process of temporal conditioning. Л 

The generalization gradient for pseudo-conditioning dem- 
onstrated by the present study gives evidence to be considered 
in the elaboration of any theory of the mechanisms of con- 
ditioning. Switzer (13) has shown that the increased re- 
sponsiveness to formerly neutral stimuli following strong 
stimulation (ie., pseudo-conditioning) is subject to disin- 
hibition—one of Pavlov's traditional phenomena of condi- 
tioning. The data of Switzer and of the present study seem 
to be in harmony with the suggestion of Grant and Meyer (4) 
that several of the traditional conditioning phenomena may 
be functions primarily of the set to respond to the unconditioned 
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stimulus, and are not due primarily to the association of the 
conditioned and unconditioned stimuli which occurs during 
the reinforcement trials of conditioning. 
Evidently, after a few presentations of a strong stimulus, 
a set to respond to that stimulus is formed. The set to 
respond is generalized in such a. fashion that almost any 
stimulus of sufficient intensity will elicit the response. This 
would account for the initial generalization of the conditioned 
response. Subsequent differentiation is due to association 
and, in view of the gradient in this study, contiguity in space 
‚ as well as in time may have some influence in setting up the 
. differentiation. 
SUMMARY 


Average galvanic skin responses of fifteen subjects to 
vibro-tactile stimulators placed along the back gave a clear- 
cut gradient of response amplitude after the presentation of a 
number of electric shocks. The gradient sloped away from 
the point at which the shocks were delivered. 

This generalization gradient must be explained in terms 
of some persisting central state. The polarity of the pseudo- 
Conditioned gradient involved might be explained as the: 
result of conditioning by spatial instead of the usual temporal 
contiguity. 

The appearance of a generalized response gradient with- 
Out associative conditioning implies that such gradients may i 
not be primarily the result of the paired stimulation during 
conditioning, although the polarity of a response gradient can 
be established by paired reinforcement. 


(Manuscript received October 6, 1939) 
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FACILITATION OF THE ALPHA RHYTHM OF THE 
ELECTROENCEPHALOGRAM 


BY A. C. WILLIAMS, JR. 
New York State Psychiatric Institute and Hospital 


In attempting to discover psychological correlates of the 
electroencephalogram (EEG) attention has been directed for 
the most part to the blocking of the occipital alpha rhythm. 
Experiments on many different phases of the phenomenon 
have been performed. It has been found in general that 
sensory stimulation is effective in blocking the rhythm, 
stimulation of some modalities proving more effective than 
stimulation of others. In addition to sensory stimulation it 
has been shown that attention is involved in the blocking 
process, and that blocking does not occur unless some degree 
of attention to the stimulus is present. Stimuli with the 
greatest attention or ‘arousal’ value were found to be most 
effective in depressing the alpha rhythm. х 

Other psychological correlates of the EEG have been 
obtained. For example, it is agreed that anxiety or other 
emotional disturbances increase the frequency of, and some- 
times disrupt the alpha rhythm (4). Hoagland et al (3) 
have shown a relationship between emotional states and the 
slow wave activity in the EEG, while Oberman (7) found a 
relationship between alterations in the alpha rhythm and 
mild affective states. 

In 1937 Forbes and Andrews (2) attempted to relate the 
blocking of the alpha rhythm and the psychogalvanic reflex, 
which has many psychological correlates, but without 
Success, i 

Loomis, Harvey and Hobart (5) have reported an effect 
of attention and stimulation on the alpha rhythm which is the 
€xact opposite of the usual blocking. They found that the 
intent listening for a barely audible auditory stimulus facili- 


tated or increased the amount of alpha rhythm and never 
i 413 
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decreased it as compared with any other section of record. 
Likewise Bagchi (т) found that the alpha rhythm was often 
facilitated (increased) upon reappearing after having been 
blocked by an auditory stimulus (spoken word). Similar 
facilitation observed following the blocking of the rhythm 
by a light stimulus has been reported (4). 

Facilitation of the alpha rhythm during sleep has been 
reported by Loomis, Harvey and Hobart (6). They found 
that auditory stimuli with ‘arousal’ value, the same type that 
arrests the rhythm when the subject is awake, caused the 
alpha waves to appear briefly without the sleeper being 
awakened. 

Aside from these observations the facilitation effect has 
been largely neglected. The results of this study suggest, 
however, that it is closely related to the psychological state 
of the subject in a manner similar to the psychogalvanic 
reflex (PGR) (8). While not so sensitive as the PGR, 
facilitation occurs as a response to the same general type of 
stimuli except where the stimuli are such as to cause blocking 
instead of facilitation. 


APPARATUS AND PROCEDURE 


"The amplifying system * used for recording the EEG consisted of two channels of 
matched high gain resistance capacity-coupled amplifiers. "These actuated dynamic 
ink writing recorders. A sensitivity of about 5 microvolts per millimeter deflection was 
used. Two records were obtained simultaneously on a paper tape moving at an ad- 
justable rate of Speed. One second time intervals were recorded directly on the tape 
by a third pen. A fourth pen was used.to record the presentation of stimuli tothe 
subject. Signals from the subject were recorded on the tape by the time pen. 

The electrodes consisted of small solder buttons fastened to the scalp with collo- 
dion. Transoccipital leads were used throughout. Occasionally simultaneous records 
were taken from the precentral area. 

The subject was placed on a bed in an electrically shielded semi-sound-proof room. 
Since facilitation was being studied, records were taken when the subject's eyes were 
open. A dim light was present in the room, This was done because the amount of 
alpha activity in records taken under such conditions is low. Hence facilitation of the » 
thythm could be easily observed. Facilitation occurring in a record where the alpha 
activity is already abundant (eyes closed) is difficult to detect and may often be 
overlooked. 

Seven psychologists and nurses at the New York State Psychiatric Institute and 
Hospital were used for subjects. The majority of the experiments were carried out on 
three of them. Four others served as controls. 


* The amplifying system was designed and constructed by Mr. Walter E. Rahm, Jr. 
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RESULTS 


Under the conditions described above, facilitation, when 
it occurred, usually appeared as a burst of regular, high ampli- 
tude alpha waves which stood out clearly from the level of 
alpha activity in the control portion of the record. Several 
bursts often occurred and sometimes the facilitation effect 
lasted for longer than a minute. Occasionally facilitation 
could not be detected by direct inspection in which case it was 
necessary to measure the percent time alpha of the portion of 
record in question and compare it with the percent time alpha 


' of the control section. 


The stimulus situations which thus far have been found 
to elicit facilitation may, with one possible exception, be 
included under a single descriptive category. The most 
general description would characterize them as stimuli 
causing a sudden mobilization of the subject's reactive ap- 
paratus. That is, the induction in the subject of general 
states of readiness, attentiveness or heightened awareness 
was usually accompanied by the facilitation of the alpha 
rhythm. 

It was found that if a state of readiness were induced in 
the subject facilitation often occurred. A state of readiness 
was induced by presenting a ready signal indicating to the 
subject he would be required in a second or two to perform 
some task. Two principal tasks were used. The first con- 
sisted of the solution of mental arithmetic problems. The 
second was a kind of multiple choice task which consisted ofa 
Series of two stimuli, a flash of light and a buzzer sound, 
presented in rapid sequence and random order. The subject 
was required to signal differentially by pulling a string once 
for the buzzer, twice for the light and not at all if both were 
presented simultaneously. The ready signal consisted of the 
experimenter calling ‘ready’ a few seconds before the presenta- 
tion of the task. The ready signal was usually followed by a 
burst of alpha waves occurring before the task itself was 
Presented. ty 

Other experiments showed that a stimulus which ordi- 
narily did not elicit facilitation could be made to do so when 
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used as a ready signal. For example, a bell previously unable 
to induce facilitation was sounded each time before the 
subject was asked to solve a simple arithmetic problem. 
After four such trials the bell was followed by a small but 
recognizable burst of alpha waves which came before the 
problem was given. Two presentations of the bell without 
the problem produced experimental extinction. In most of 
these experiments the subject was not told beforehand that 
the bell would be followed by the presentation of a problem. 
When this was told to the subject beforehand the facilitation 
following the bell was more marked and occurred after the 
first trial. 

It was found that some stimuli were capable of eliciting 
facilitation by virtue of their ability to catch and hold the 
subject's attention. The states induced by these stimuli were 
hence called states of awareness or attentiveness. Thus 
facilitation could be induced merely by questioning the sub- 
ject. Such questions as “When is your birthday?" or 
“Do you think you could go to sleep?” were often followed 
by bursts of alpha. But if the experimenter merely made 
statements, not addressed to the subject in particular, 
facilitation almost always failed to take place. Questions of 
a personal nature were usually more effective than neutral 
questions in producing facilitation. For example, one sub- 
ject was asked a question which made her laugh. On the 
record, after the movement artifacts due to laughter had 
stopped, the percent time alpha was near 100 for the next 
30 or 40 seconds while more questions were asked. The 
experimenter during this period was in the shielded room 
sitting beside the subject. When the questions were over 
and the experimenter left the room the amount of alpha 
diminished rapidly. Two minutes later it returned to the 
control level of 5 to 10 percent. 

Sudden commands to the subject to perform simple acts 
such as picking something up or placing it down were often 
followed by facilitation. General instructions as to procedure 
etc. also had their effect on the alpha rhythm. Following the 
giving of instructions to subjects the percent time alpha was 
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invariably higher than before instructions were given. At 
times the increase amounted to 2 or 3 times the original con- 
trol percent time alpha. 

A different kind of stimulus situation, which was noted 
above as an exception, was also successful in producing facili- 
tation. Relaxation following the completion of a task was 
usually followed by large well-defined bursts of alpha rhythm. 
Mental arithmetic problems and the multiple choice task were 
most successful in this respect. For all tasks the subjects were 
requested to work hard and as rapidly as possible and to relax 
completely when the task was completed. The end of the 
multiple choice task was indicated by an ‘over’ signal from 
the experimenter. The facilitation appeared as bursts of 
high amplitude waves. The bursts occurred from $ to I5 


seconds following the completion of the task. Sometimes 


only one burst occurred, but more often two or three. Oc- 
casionally the facilitation effect lasted for two minutes follow- 
ing the completion of a task. There seemed to be no relation- 
ship between the difficulty of the task and the size and dura- 
tion of the bursts. 

In order to illustrate how the amount of alpha activity was 
influenced by changes in the general psychological state of 
the subject, a protocol of a single experimental session with one 
subject will be summarized as follows: 


Subject: M. L. 
Percent time alpha eyes closed = 69 
Experimental session (eyes open throughout) 


1. Subject rests relaxed with eyes open. Control record— 
percent time alpha = 7.8. $T 

2. Without warning, S given mental arithmetic problem. 
Solütion followed 1o seconds later by large burst of 
alpha. Percent time alpha for 60 seconds following 
solution — 21. 

3. Period of rest (s minutes)—no record taken. Instructions 
given for multiple choice experiment. 

4. Immediately following instructions, percent time alpha 
— 27. Ready signal for multiple choice experiment 
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followed by large burst of alpha. After task, for 60 
seconds percent time alpha = 49. Large bursts occur. 
This effect lasts for longer than two minutes when 
record was stopped. 

‚ Rest period—no record taken. S smokes and talks. 

- Control record—no instructions. Percent time alpha 

= 18.5. 

7. Instructions given for multiple choice task. Following 
instructions (60 seconds) percent time alpha = 41. 
Following task percent time alpha = 54. 

8. Rest period with eyes closed (3 minutes). 

9. Control record (eyes open)—no instructions—percent time 
alpha = 13. 

Io. S given instructions to subtract consecutive 7’s from 100. 
Ready signal followed by burst of alpha. Percent 
time alpha following solution = 42. 


an 


Examples of the facilitation effect may be seen in Fig. 1. 


A Sreciat Case or FACILITATION 


A series of experiments were performed on a subject who 
had no alpha rhythm in her record even when her eyes were 
closed. The experiments described above were performed in 
an attempt to bring out the alpha rhythm by facilitation; but 
with no success. However, it was found that while the sub- 
ject was asleep the alpha rhythm could be elicited following 
stimulation. After the subject had been asleep for two hours, 
stimuli such as a bell, the tustling of paper, or calling the 
subject’s name, were followed by well-defined bursts of 
alpha. The stimuli did not wake the subject. Natural 
movement in sleep was also followed by the appearance of the 
alpha rhythm. The sleep record was unlike those reported 
by other observers, being almost flat, without spindles or 
slow waves. 


Some CHARACTERISTICS ОЕ FACILITATION 


It was found that the facilitation effect could undergo 4 
process of adaptation. For example, when the multiple 
choice task was repeated at intervals of 5 or 6 minutes the 
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facilitation effect following it became progressively less. Sim- 
ilar findings were obtained upon the repetition of the problem 
solving tasks. "The adaptation of the facilitation effect was 
observed following the second repetition in some instances. 

An analogous phenomenon was observed during the 
progress of a learning experiment. Mirror drawing was used 
as the task. The subject was required to trace as quickly as 
possible one-half a standard star for each trial. Six consecu- 
tive trials were used. Following each of the first four trials 
facilitation of the alpha rhythm occurred. Е ollowing the last 
two trials no facilitation occurred. According to the reports 
of the subject the last two trials were not difficult since the 
knack of tracing had been learned by that time. 

Facilitation was found not to be limited to the particular 
level of excitation represented by the eyes open condition. 
Other investigations have reported it occurring during sleep 
and when the eyes are closed. Therefore, further experi- - 
ments were performed showing that the alpha rhythm may be 
facilitated while the subject is engaged in reading a book. 
Reading represents presumably a higher level of excitation 
than the eyes open condition alone. Ready signals, and the 
tasks described above were used. Immediately following the 
solution the subject returned to reading. The facilitation 
occurred while the subject was reading. 

The independence of the occipital and pre-central alpha 
thythms could be easily seen during facilitation. For ex- 
ample, during a session where the subject was being asked 
questions, bursts of facilitated alpha potentials occurred on 
and off throughout the period from both leads. Bursts 
appeared more often in the occipital than in the pre-central 
lead. Occasionally, however, bursts appeared in the pre-cen- 
tral lead without at the same time appearing in the occipital 
lead. More often the bursts appeared in both leads simul- 
taneously. In all cases of simultaneous occurrence the 
facilitation was less marked in the pre-central than in the 
occipital leads. 

The incidence of facilitation was difficult to determine. 
It did not occur every trial. Furthermore in some subjects | 
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it was easier to elicit than in others. With ‘good’ subjects in 
these experiments it occurred with most regularity (about 9 out 
of 10 times) following the completion of the multiple choice 
task. Facilitation was less certain to occur following the 
solution of a mental arithmetic problem. Questions asked 
of the subjects were the least reliable stimuli. 


‚ COMMENT 


The stimulus situations described here which elicit facil- 
itation are similar to those reported as eliciting the PGR. 
However, without a critical analysis of simultaneous EEG 
and PGR records taken during situations when facilitation is 
elicited it is impossible to know if the adequate or essential 
stimulus is the same for both phenomena or whether, in fact, 
there may be two different essential stimuli, one for facilita- 
tion and one for the PGR. Until such an analysis is made 
there is not sufficient evidence for equating the two responses 
in terms of their underlying mechanism. 

The question arises as to the difference between stimuli 
which block the alpha rhythm and those which facilitate it. 
Under different conditions, the same stimulus can often be 
made to doeither. Furthermore, both responses can be made 
to occur in succession following a single stimulus. For ex- 
ample, a light stimulus may cause blocking, but when the 
block is over the alpha rhythm often returns with increased 
amplitude and regularity for a short burst compared with its 
appearance before the stimulus was presented. Finally, it is 
known that the physical properties (intensity and duration) 
of the stimulus are important to the blocking response 
Whereas they are unimportant for facilitation. This suggests 
that blocking and facilitation are symptoms of two different 
types of reaction and that the same stimulus may contain the 
essential stimuli for each type. Further delineation of the 


types awaits fürther experimentation. 


SuMMARY 


Facilitation of the occipital and pre-central alpha thythms 
was described as an increase in amplitude and regularity of 
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the potentials, usually appearing as a series of bursts. The 
experimental records were taken while the subjects’ eyes were 
open so that facilitation could be more easily detected. 

Stimuli eliciting facilitation were found to be similar to 
those reported as eliciting the PGR. They were character- 
ized by a change in the general psychological state of the 
subject from relaxation to readiness, attentiveness, or aware- 
ness, and from these states back to relaxation. The states 
were induced by putting sudden questions to the subjects, 
giving instructions, presenting ready signals indicating the 
beginning of some task, producing relaxation following the 
completion of a task, etc, 

. Facilitation was found to undergo a process of adaptation. 
Individual differences in the ease and regularity of eliciting 
facilitation were described. 

It was found that the facilitation of the occipital and pre- 
central rhythms could at times be elicited independently. 


(Manuscript received September 28, 1939) 
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THE EFFECT OF BENZEDRINE SULFATE ON 
SYLLOGISTIC REASONING * 


BY T. GAYLORD ANDREWS 
University of Nebraska 


INTRODUCTION 


Statement of the Problem.—The effect of drugs on the higher 
thought processes was first studied by Kraepelin in 1883 
(9, p. 170). However, the effects of the drug benzedrine 
sulfate are of much more recent interest, the first observations 
on the compound having been published in 1930 by Piness, 


"Miller, and Alles (ro). Benzedrine sulfate, since that time, 


has been used in many experiments, giving rise to some in- 
teresting findings and some more interesting speculations. 
Most of the papers published on benzedrine indicate its 
stimulating effect upon the central nervous system. Thus, 
the compound lends itself to application in experimentation 
on the higher thought processes. The speculations concern- 
ing the effects of benzedrine on ‘mental power’ have led to 
this present attempt at a systematic analysis and objective 
evaluation of these speculations. The problem investigated 
here is stated in the title of this article. . - - 
. Reasoning was used as the dependent variable in this 
investigation because of its accepted higher level of mental 
function. The syllogistic form was employed because scores 
on this type of test could be objectively measured and evalu- 
ated. Qualities involved in this level of higher mental func- 
tion have been well stated by Woodworth (15): ; 


the conclusion that is 
sion and fallacy or 
The ‘clear and 


1 The reasoner needs a clear and steady eye in order to see 
implicated in the premises, Without this he falls into confu: 
fails, with the premises both before him, to get the conclusion. 


l'The writer wishes to express his extreme appreciation and indebtedness to 


Professor 7. P. Guilford for his many suggestions and untiring aid throughout: this 
experiment, and to Professor H. G. Holck for his worthy assistance, and to the Depart- ` 
Univ. of Nebraska 


See Physiology and Pharmacology College of Pharmacy, of the 
т the pharmaceutical materials employed in this study. 
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steady mental eye’ in less figurative language means the ability to check hasty 
responses to either premise alone or to the extraneous features of the situation so 
as to insure that unitary response to the combination of premises which constitutes 
the perceptive act of influence? 


In the light of this description by Woodworth, it was 
hoped rather than anticipated that the results of this type of 
investigation may throw more light on the psychology of the 
higher mental processes. It is realized that this study is 
merely one stepping-stone toward greater knowledge in the 
realm mentioned. It is deemed necessary that, for a sys- 
tematic knowledge of this subject, many such investigations 
should be carried out involving several óther drugs of known 
pharmacological action. ' Also, many more investigations are 


necessary on different materials in reasoning besides the 
syllogistic form. 


For related studies, the reader may be referred to reviews 
of the literature on the subject of benzedrine sulfate in 
psychological experimentation. 


MarTERIALS 


The experiment Was conducted in a quiet and secluded room. The benzedrine 
sulfate was in capsule form containing 10 mg. of the active drug. The control capsule 
but containing only lactose powder. 
The capsules had been made in this form for experimental work by the Smith, Kline, 

and French Pharmaceutical Co., Philadelphia, Penn., and they were furnished to the 


writer by the Department of Physiol а Ph. 
University of Nebraska, NUR Bay Shier онен pe 


of the alphabet as terms. The 
such as ‘lavauxia,’ *cenothera," 
uggestible form. ‘The form was 
in that some conclusions which ac- 
be drawn from the premises given. 


*R.S. Woodworth, Psychology, 1921, cited by M. C. Wilkins, The effect of changed 
material on ability to do formal Syllogistic reasoning, Arch, Psychol 1928, 16, 1-8: 

? Present status of benzedrine sulfate, J. 4. M. A., 1937, тоо, pes ro (A a rt 
from: the Council on Pharmacy and Chemistry, P. N. Leech: Маня зд В; ‘ ls N 
Eos Um € + е а review of literature, J, Kone Univ. College of Med. 

УЛ. 9; о, №. W. $] iologi: ions, ‚ 
ч hock, Some psychophysiological relations, Psychol. Bull., 


such that the stated conclusions were misleading, 
tually are correct in daily life could not formally 
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Another set of syllogisms was constructed by the writer. This was based on the set 
just described. This new set consisted of the same logical forms as the described set, 
Consequently, the scoring of the conclusions of a syllogism of the old form would be 
exactly the same as the scoring of the conclusions of the equated syllogism in the new 
form ... a device which also shortened the time necessary in correcting the data 
sheets, and the two sets were of approximately the same difficulty. 

"The typewritten instructions for the reasoning test read as follows: 


Instructions 

The test you are to be given is not an intelligence test but a test of a very 
special ability. In this test you will be shown cards on which are certain state- 
ments followed by certain conclusions drawn from them. You are not concerned 
with the actual truth or falsity of these conclusions, but you are to determine 
whether, given these statements, you can draw the conclusions from them. In 
each case there are three conclusions given, marked a, b, and c, You will be ' 
given a separate sheet of paper which is marked with the letters for every card 
shown. You are to put a minus sign after the corresponding letter for every 
conclusion that does not necessarily follow from the given statements. Put a 
plus sign after the corresponding letter for every conclusion that does logically 
follow from the information given in the statements. Thus, if no conclusion 
stated can actually be drawn from the given statements, you should place a minus 
sign after each of the conclusions. The following example is correctly marked: 


All a is b; no b is c; 
therefore 

a. Nocis a. 

b. Some a is c. 

c. Allcisa. 
(On data sheet:) 

a xXb.-—c-— 


These marks would then be placed after the corresponding letters on your 

separate sheet for this particular problem. Time will be taken on each сага. . . 

from the time the card is first shown until all the conclusions are marked by you. 

Accuracy, however, counts as much as speed, but you are to work as quickly as 

you can. 

Mood and fatigue rating scales were adapted from similar material employed by 
Dysinger (4) in an experimental study of mood. 

The Ss used were naive volunteers from the classes in elementary psychology at the 
University of Nebraska. Of the 20 Ss, 10 were male and ro were female. 

All Ss were required to pass a rigid health examination before they were used as 
observers in the experiment. This examination was administered for the writer by the 
Student Health Department of the university. The main purpose of the’ health 
examination was to avoid administering benzedrine sulfate to any person whose heart 


was not in good condition. 


ExPERIMENTAL PROCEDURE 
Each S chose a particular hour of the week which was kept as constant ds was 
possible for his 4 experimental sittings. It was made mandatory that on the’ experi- 
mental days the Ss were not to drink any coffee, tea, cocoa, coca cola, or any other 


stimulating drink. This was introduced as а control factor in order to try to get 
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unadulterated effects from the benzedrine sulfate and also not to get any stimulation 
effects that were unaccounted for on the days when only the lactose was given to the S. 

In the case of the girls used as subjects for the investigation, the menstrual periods 
of each was ascertained by the doctor who gave the physical examinations. At that 
time the girls were told not to submit to the tests at any time during a menstrual period, 
but rather to offer some excuse for those days, such as having to work, etc. This was 
introduced as a necessary control to avoid any possible ill effects of benzedrine sulfate 
at that time, also to avoid measuring mental work under such varying conditions as 
these would have given. 

Each S was used for four experimental sittings. The order of administration of the 
drug and control was counter-balanced for the purpose of controlling factors of training 
on the tests, 

At the beginning of the hour for each sitting, the S was interrogated as to whether 
or not he had followed the directions given him for that day in regard to refraining from 
eating between meals and refraining from drinking any stimulating drinks. No S 
was used on a day during which he reported having not followed the instructions. 
The S was then given the capsule scheduled for him for that particular day. A half- 
hour time interval was allowed before taking any mental measurements) After this 
interval, the S was given the syllogism test. After completing this test he rated 
himself as to mood and fatigue on the scales mentioned. Then the blood pressure and 
heart-rate of the S were taken. The procedure as related was performed as precisely 
the same for each experimental sitting and for each individual as was possible. Each 
S was continually impressed with the necessity of carrying out his instructions to the 
letter. 

Further information gained about each S consisted of age in months, weight in 
kilograms, experience in logic, whether individual smoked, his drinking habits, and his 
intelligence scores. "These intelligence scores were taken from the results of the First 
Nebraska Revision of the Army Alpha Examination. 


RrsurrTs 


For every experimental sitting of each individual there 
was obtained an average accuracy score, an average time score 
(time taken in seconds for each syllogism), and an average 
‘power? score. This power score was computed by the 
formula: 

Accuracy Score 


Power Score — 
Time Score 


X тоо. 
"Thus, this power score was a type of efficiency score, measur- 
‚ ing the number of correct conclusions made per unit of time. 
These three scores were computed for each individual for 
each of the two experimental conditions, drug and control. 
Reliability.—The reliability of the test was computed and 
the corrected (Spearman-Brown formula) coefficients of 


“A time interval of 30 min. was used as advised in a ersonal а to 
ae T by T. B. Wallace of the Smith, Kline, and French Laborateries, Phila- 
elphia, Pa. 


j^ 
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reliability for the three scores for the control condition were: 
accuracy .91, time .87, power .75. : 

Influence of Benzedrine on Scores for Syllogism Test —A 
comparison was made of the average scores under the drug 
condition to the average scores under the control condition. 
The separate average accuracy scores for each individual under 
the drug condition were each compared to the separate 
average accuracy scores under the control condition. This 
gave a distribution of score differences for the 20 Ss. The 
mean of this distribution of differences was found to be only 
.023, and the standard error of this mean was .031. The 
difference was in the favor of the drug condition although 
it was very small. The critical ratio of this difference (for 
accuracy) was found to be .74, showing that the difference 
could easily have been due to chance. 

The same test was applied to the time and power score 
differences. In the case of the time scores, the average 
difference was .38 second (the drug condition having the 
smaller average time score). The sigma of this mean differ- * 
ence was .68, giving a critical ratio of only .57. This differ- 
ence is also insignificant. For the power scores the mean 
difference was .16 in favor of the benzedrine condition, with 
a sigma of the mean of .29. The critical ratio in this case 
was an insignificant .56. In other words, the standard errors 
of the mean differences were in these three cases so large in 
comparison to the mean differences themselves that the latter 
were ‘completely devoured’ by their sigmas. 

Statistical Note.—In order to fractionate the data, as was 
first planned, according to sex, weight, intelligence score, etc., 
the N would be decreased to one-half. For 20 Ss, in order to 
be significant, a critical ratio would have to be at least 2.1. 
However, when only 10 Ss are analyzed, the critical ratio, in 
order to be significant, must be 2.26 or above (Fisher's test of 
significance). "Thus, fractionations of the data appeared to 
be a sterile procedure. 

This was tested by actually performing some of the pro- 
posed fractionations, and the predicted results did appear, 
namely, no significant differences found. 

5 J, P. Guilford, Psychometric Methods, 1936, p. 61f. 
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Mood and Fatigue—A comparison of the average mood 
ratings of the subjects after taking benzedrine sulfate was 
made with their average mood ratings after taking the control 
capsules. The mean difference was found to be 2.98 milli- 
meters between the two experimental conditions in the direc- 
tion of the benzedrine condition. This difference, however, 
was also found to be quite unreliable, having a critical ratio 
of 1.1. The mean difference for fatigue between the two 
conditions was .82, with a critical ratio of .65, showing very 
unreliable results. Due to the insignificance of these differ- 
ences in mood ratings and in fatigue ratings, no comparison 
was made here with the score differences on the syllogism test. 

Heart Rate and Blood Pressure.—The mean difference be- 
tween the two experimental conditions in terms of heart rate 
was found to be a 1.3 rise in rate under the influence of 
benzedrine, which rendered a critical ratio of only .55, and 
so the difference was insignificant. 

In the case of the systolic blood pressure, the mean differ- 
ence between the measures taken after benzedrine and the 
measures taken after the control was found to 1.9 in favor of 
the benzedrine condition, with a critical ratio of 2.2. This 
difference, being above the criterion of significance, was con- 
sidered as fairly reliable, there being only 13 chances in 1000 
that this difference found was due to chance factors alone. 

Fractionation as to Blood Pressure Differences.—ln view 
of the significance in results on blood pressure, the data were 
fractionated on this basis. The scores were taken from those 
subjects who had exhibited a definite rise in systolic blood 
pressure due to the effect of the drug. The differences be- 
tween these two selected groups in terms of accuracy, time, 
and power scores were respectively .06, 1.03, and .57, all 
favoring the benzedrine condition. 

The critical ratio of the difference found in accuracy for 
the Ss as a group had been found to be 74; while the critical 
ratio of the difference in accuracy for those subjects whose 
systolic blood pressure was raised by benzedrine was 1.5. 
The critical ratio for the time score was . 57, while the new 
fractionation gave a critical ratio here of 1.1. The critical 
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ratio for the general difference in power scores under the two 
variables was .56, while only those whose blood pressure was 
affected gave a critical ratio of the difference in power score 
of 1.3. 

Actually, as the number of Ss analyzed is decreased, the 
criterion of significance in terms of the critical ratio rises. 
However, the above differences in critical ratios found were 
greater than the difference in the criteria of significance for 
such a decrease in the number of Ss employed in the two 
analyses. 

Interpretation.—ln every case in the above results, the 
average difference found between the two experimental con- 
ditions was in favor of the benzedrine sulfate condition. 
However, in no one case in the reasoning test itself was a 
difference found which was statistically reliable. Neverthe- 
less, there seems, in general, to be a ‘summation result’ which 
indicates that 10 mg. of benzedrine sulfate, under the condi- 
tions of this experiment, does have an effect on syllogistic 
reasoning, mood, fatigue, systolic blood pressure, and heart 
rate, the effect being in general to increase these factors 
slightly (except fatigue, which is decreased). 


SUMMARY AND CONCLUSIONS 


Twenty Ss were given a syllogistic reasoning test at four 


different experimental sittings. At two of the sittings, the 


Ss were under the ‘influence’ of 10 mg. of benzedrine sulfate; 
the other two sittings involved a placebo capsule of lactose. 
Accuracy, time, and power (efficiency) scores were taken on 
the tests at each sitting. Records were also kept of mood 
ratings, fatigue ratings, blood pressure, and heart rate. Data 
were taken as the Ss’ weight in kilograms, age in months, and 
Army Alpha examination scores. Ў 
Conclusions—The following conclusions are all subject 
to the conditions and reservations of the experimental ar- 
rangement and procedure employed in this investigation. 


1. The drug had no statistically significant effect on the 
reasoning scores of the Ss as a group, neither in terms of their 
accuracy, their speed, nor their efficiency alone. However, 
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all the changes were slightly in favor of the influence of 
benzedrine. i 

2. 'The benzedrine had only slightly greater effect on the 
women's reasoning scores than on the men's. 

3. The Ss who were lighter in weight obtained a slight 
increase toward significance due to the benzedrine, which 
change was not as well exhibited in the heavier Ss. 

4. Benzedrine had no statistically significant effect on the 
self ratings of the Ss as to mood and fatigue. 

5. There was no statistically significant change in the rate 
of the heart beat of the Ss due to the effects of the drug. 

6. There was a statistically significant rise in systolic 
blood pressure due to the effects of benzedrine. Also, the 
Ss who exhibited a rise in blood pressure due to the drug 
Were the ones whose scores on the reasoning test were more 
appreciably improved by the benzedrine sulfate. 


In general, all scores taken in the experiment were im- 
Proved by benzedrine, but no one change in score was itself 
reliable (except blood pressure). However, this ‘summation 
effect’ gives indication that benzedrine sulfate does tend to 
increase the scores on a syllogistic Teasoning test. 


measures was too small, or-both conditions were involved. 
A larger dose of the drug (15 or 20 mg.) could be used in such 
an investigation. However, if this is done, the Ss should be 
given a thorough physical examination to avoid any bad 
effects possible at such a dosage level. At this dosage (20 mg.) 
especially should a time interval of one hour or more be 
allowed for the drug to have full effect. It may be deemed 
desirable also to vary the dosage with the body weight of the 
Ss. Little is yet known about the dosage curve of benzedrine 
sulfate in terms of mental effect. This in itself would be 
considered a necessary and fruitful problem for investigation. 
Also, under similar conditions, an investigation should be 
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carried out employing other measures of higher mental 
function as the dependent variable. Also the relationship 
found here between rise in systolic blood pressure as such and 
the mental effect should be further investigated. 


(Manuscript received October 25, 1939) 
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STUDIES IN THE TRANSPOSITION OF LEARNING 
BY CHILDREN: IV. A PRELIMINARY 
STUDY OF PATTERNEDNESS IN 
DISCRIMINATION LEARNING 


BY THEODORE A. JACKSON AND EDWARD JEROME 
Columbia University 


Analysis of the response to transposed stimuli has been 
made by Spence (8 and 9) and by Jackson (2 and 3) in terms 
of conditioning. In their interpretation, choice (relative or 
absolute) in the critical trials is a function of two generaliza- 
tion effects. One of these is an excitatory tendency induced 
by the positive stimulus, and the other is an inhibitory tend- 
ency induced by the negative stimulus. Prediction of 
choice may be made by the algbraic summation of these two 
hypothetical generalization curves. 

The type of analysis these investigators have made fails, 
according to Gestalt principles, to take cognizance of the im- 
portant inter-relationships between the stimuli. The latter 
theory holds that what the subject learns cannot be broken 
up into two types of generalization, but that an irreducible 
pattern is perceived and learned. Razran (4, 5, 6, and 7) 
has been calling our attention to the fact of conditioning to 
patterns. The present study is an attempt to determine 
whether there is a significant factor of *patternedness' 
operating in the ordinary discrimination habit. 

The design of this investigation is as follows: Two equated 
groups of child-subjects are put through a transposition 
experiment, one group under a condition favoring patterning 
and the other under a condition not favoring it. Patterning, 
that is spacial patterning, will be favored if the two training 
stimuli are presented simultaneously. If the stimuli are 
presented successively, patterning is less favored. If the 
results, upon transposition of the stimuli, are the same regard- 
less of the difference in training, the Gestalt interpretation 
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will be discredited, at least in its application to this experi- 
ment. If different results are found for the two groups, then 
the ‘conditioning’ interpretation will require revision or 
extension. 


METHOD, PROCEDURE AND SUBJECTS 


"The photographic method for studying discrimination learning in children was used 
in this study. The stimuli were photographed on 35 mm film strips and these were 
projected on a screen in front of a group of subjects, Their responses were kept track 
of by requiring each child to drop numbered tickets into either of two (or three) ballot 
boxes. The numbers on the tickets were coórdinated with the number of the trials. 
Further details of the method may be found elsewhere (1). 

The three stimuli were squares, 5, 10 and 20 sixteenths of an inch respectively 
(linear dimension). These were placed diagonally on the square backgrounds which 
measured 50 sixteenths of an inch on a side. The largest stimulus covered but 16 per- 
cent of the surface of the background. The first two stimuli were used in the training 
and thus transposition was one step upward. ‚ 

Since this was the first time that the group method had been used to study dis- 
crimination-learning, extra precautions were used in the preliminary to insure that all 
subjects perfectly understood what was expected of them. Forty trials were given to 
one of the two groups and sixty to the other. Preliminary training was given one day 
and regular training together with the critical trials were given the next. Each ex- 
perimental period lasted about thirty minutes. 

Two different sets of preliminary-training stimuli were used, one set was a pair 
of pen drawings of birds (an owl and a blue-jay), and the other set was two geometrical 
drawings (a triangle and a cross). The blue-jay and the cross were positive. Table т 


TABLE 1 
SHOWING THE SCHEDULE OF THE PRELIMINARY PRACTICE TRIALS AND THE MANNER 
in Wutcn тне STIMULI WERE PRrsENTED TO THE Two Gnours 


Simultaneous Group Successive Group 
aa a aaa ae ЕБЕ ы MA eee d 
No. "s Ё Manner of No. Type of Manner of 
Trials Stimuli Presentation | Trials Stimuli Presentation 
20 Birds Simultaneous 10 Birds Simultaneous 
20 Birds E 
20 Geom. Fig. Simultaneous 10 Geom. Fig. imultaneous 
| i 20 Geom. Fig. Successive 


shows the schedule of training for both groups. Since it appears to be easier to learn 


a discrimination habit with simultaneously presented stimuli, both groups were started 
in that manner. For the training in successively presented stimuli, three ballot boxes 
were used in the following manner: If the ‘correct? stimulus appeared on (Ве right side, 
they were to put the ticket in the ballot box on the right, if the ‘correct stimulus ap- 
peared on the left side they were to put the ticket in the left box; if the ‘wrong stimulus 
appeared on either side they were to put the ticket in the middle box. Since this 
procedure for the ‘successive’ group was somewhat more complex than that for the 
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‘simultaneous’ group, the preliminary was extended and it was presented to the sub- 
jects very slowly and carefully. 

A question arises concerning how to equate trials in the two procedures. In the 
method of simultaneous presentation of stimuli, both stimuli are shown at one time. 
In the ‘successive’ method, only one stimulus is presented in one trial. Is one trial of 
the ‘simultaneous’ method to be regarded as equal in training value to two trials in the 
‘successive’ method? "The answer is probably no, but the trials under the two pro- 
cedures are probably not equivalent. It was decided to make transposition tests at 
more than one stage of the training, so that the trend of the results will be clearly 
shown regardless of which is the true answer to the question. Table 2 shows the 
schedule of regular training trials and the transposition trials given to both groups of 
subjects, 

The subjects were obtained in the William Penn School? of Mount Vernon, New 
York. All of grade 2-2 was used and a part of grade 2-1. These children ranged in 
age from 7 years and 2 months to 9 years and Io months. They were divided into two 
groups equated for mental age, Each group had an average mental age of 6 years, 4 
months, The equating was disturbed somewhat when one subject in each group was 
absent on the second day of experimentation. The final average mental ages were 6 
years 5 months and 6 years 2 months for the ‘successive’ and ‘simultaneous’ groups 
respectively. Complete data were obtained for 12 children in each group. 


TABLE 2* 


Snowine SCHEDULE or THE REGULAR TRAINING TRIALS AND THE TRANSPOSITION 
Trials Given To Borg Grours оғ Susyects 
_—Є—Є———————Є————————Є 


Simultaneous Group Successive Group 
с —————— 
No, Training Transpositi E iti 
Au Num | Cem И EM 
10 10 
20 40 
I I 
20. 49 
2 2 
© 3 
3 4 
4 5 
5 
6 


| * Note: The first 1o trials are given for general orientation to the new stimuli. 
If it is assumed that one trial with the ‘simultaneous’ procedure is equal to two trials 
with the successive procedure, then the results for transposition trials No. 1 may be 
compared. If the assumption is made that trials under the two procedures are equal, 
then transposition trial No, 2 (simultaneous) may be compared with transposition 
trial No. 1 (successive). It is hoped that the results will be sufficiently clear that 
interpretation of them will not depend on how to count the trials. 


1 We wish to take this occasion to express our appreciation to Dr. William H. 
Holmes, Superintendent of Schools in Mount Vernon, New York, and to Miss Martha 
Clarke, Principal of the William Penn School, for their courtesy in allowing the work 
to be done and for their fine coöperation in carrying out the investigation. 
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' RESULTS 


Before referring to the results in the transposition trials, 
let us first examine the data from the preliminary and the 
regular training trials to see the extent to which the two groups 
appear to be equated in the performance of these tasks. 
Table 4 shows the difference between the average number of 


TABLE 3 


SHOWING THE NuMBER AND PERCENTAGE OF Errors IN Bora PRELIMINARY AND^ 
REGULAR TRAINING For EACH оғ THE SUBJECTS i 


Simultaneous Group Successive Group 
Subjects Preliminary Regular Subjects | Preliminary Regular. 
No. |Percent| No. | Percent Percent | No. | Percent 
Errors | Errors | Errors | Errors Errors | Errors | Errors 
I 2.5 | 0 оо kE aa E 0.0 
2 5.0 | 2 2.2 оо | I LI 
2 5.0 | 3 3-3 оо | т LI 
o oo | o оо 1.6 | 4 44 
4 100 | о оо 16 [1 тл 
4 тоо | I LI oo | о оо 
І 25 | о 0.0 50 | 4 44 
4 10.0 I LI 1.6 I LI 
I 2.5 I LI 3.301103 33 
2 5.0 | о оо 33 |2 2.2 
I 25 | o 0.0 $0 | 2 2.2 
o 0.0 4 4.4 10.0 5 5.5 
Average..| 1.8 46 то LI 1.8 2.9 | 2.0 2.2 
14 1.3 1.6 16 


errors made by the two groups in the preliminary to be 0.0. 
The critical ratio is also o. This shows that there is not à 
real difference. The difference between the groups in the 
number of errors made in the regular training is 1.0. The 
critical ratio is 1.7, again showing that the difference is not 
reliable. Apparently it will be safe to assume that the 
differences between the results for the groups in the transposi- 
tion trials will be due to the experimental factor in question. 

Table 4 shows the choice made by each subject in each of 
several transposition trials. The difference is most striking. 
In the group trained to simultaneously-presented stimuli, 
every subject in every trial made the relative ee On 
the other hand, only 27 percent of the ‘successively’ trained 
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TABLE 4 


SnuowiNc THE Сноісе (RELATIVE AND AnsOLUTE) MADE IN ALL THE TRANSPOSITION 
Trias py Елсн SUBJECT 


Simultaneous Group Successive Group 


Transposition Trial Number Transposition Trial Number 


Subjects falsas 
(After 90 trials) (After) (After оо trials) 
trials) 
R|R|R|R A JAJAJAJ A 
R|R|R|R А JAJAJAJ] A 
R|R|R|R R |R|R|R| R 
R|R|R|R R |R|R|R| R 
R|R|R|R А JAJAJAJ A 
R|R|R|R R |R|R|R| A 
R|R|R|R R |A|AJA| A 
RI|R|R|R A |А|А|А| A 
R|R|R|R A JAJAJAJ A 
R|R|R|R A |AJA/A| A 
R|R|R|R A |A|A|A| A 
R|R|R|R R JAJAJAJ A 
412 |25 |25 | 25 | 16.7 
58.3 |75 |75 | 75 | 83-3 


group made relative choices in five critical trials. The 
preponderence of ‘absolute’ choices for the latter group is 
. great in all corresponding stages of training, regardless of how 
ү me trials are counted. After о trials of training with the 
successive’ group, the percentage of relative choices is 
41.7 (S.D. = 14.2), whereas, after either 30 or бо trials the 
choices of the ‘simultaneous’ group were too percent relative. 
The difference in percent of relative choices made by the two 
groups, therefore, is 58.3 which is 4.1 times larger than the 
S.D. of the ‘successive’ group, a difference that is entirely 
reliable. If now the two groups be compared after 9o trials, 
it is found that the ‘simultaneous’ group still makes a 100 
percent relative choice, whereas the ‘successive’ group has 
decreased its percent of relative choices to 22.9 (average of 
4 trials) with a sigma of 6.1. The difference now becomes 
77-1 percent or 12.6 times as large as the S.D. of the ‘succes- 
sive’ group, indicating that the latter gives a very significantly 
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lower percent of relative choices than the ‘simultaneous? 
group does. 

Through the sequence of critical trials, in the case of the 
‘successive’ group, the percent of absolute choices increases 
from 58.3 to 83.3. This is in line with the findings of an 
earlier study. In that investigation it was found, using the 
‘simultaneous’? method, that the greater the amount of 
training the greater the probability of an absolute choice in 
the transposition trials (2 and 3). 

The preponderence of absolute choices in the ‘successive’ 
group is about what would be expected if a great deal of 
practice had been given. It could be argued that under the 
condition of presenting a single stimulus at a time more at- 
tention is given to each stimulus and the training is thereby 
more effective. However, few readers probably will be 
content to accept so simple an account of the facts. It seems 
rather that a subject makes a somewhat different type of ` 
response to the two stimulus situation than to the single 
stimulus situation. It appears that the effect of training 
under the two conditions will not merely be a difference in 
magnitude in a single factor, such as practice. The twin- 
generalization hypothesis of Spence (5) as formulated by 
Jackson (2 and 3) would not fit both these sets of data unless 
a constant is placed in the formula to displace the *transition 
points.’ The component represented mathematically by 
such a constant might very appropriately be called a *pat- 
ternedness’ factor (P factor). The difference between the 
two sets of data is presumably due to the fact that in one 
case the subjects may see the stimuli as a pattern and in the 
other they probably do not. No attempt will be made in the 
present report to determine mathematically the magnitude i 
of the P factor; however, in projected investigations it is 
hoped to make these determinations for both 2-stimuli and 
3-stimuli training situations., s / 

This finding and the interpretation of it do not discredit 
the twin-generalization of Spence. It is clear, however, that 


2 The term ‘transition point’ is discussed in a previous article (3). After a E 
degree of practice, upon transposition of the stimuli, the relative choice will be aoe 
after more practice the ‘transition point’ is passed and the absolute choice will be made. 
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that theory requires an additional assumption be made in 
order to account for training under certain conditions cited 
above. The present writer feels this is an excellent example 
of how an adequate theory may be formulated, first by making 
highly specific assumptions (postulates), second by putting 
these to work for us and using them as far as we can, and to 
make additional assumptions when the occasion demands. 
This methodology will lead to a specific and a more nearly 
adequate theory than will vague theories which start from the 
top and usually stay safely in the clouds. 


SuMMARY 


Two equated groups of 2nd grade children were given 90 
trials of practice in a simple discrimination habit. То one 
group the stimuli were presented simultaneously and to the 
other they were presented successively about 5 seconds 
apart. Square patches measuring 5/16ths and 10/16ths of an 
inch set upon backgrounds so/16ths of an inch were used as 
stimuli. Transposition trials, using stimuli of то and 20 
sixteenths of an inch, were given after 30, 50, and 9o trials 
of practice. 

The ‘simultaneous’ group made exclusively relative 
choises at all stages of practice. The ‘successive’ group made 
only 27 percent relative choice, and the number of relative 

‚ choices decreased as the amount of practice increased. 
. These results are interpreted as indicating that there is an 
important “patternedness’ factor in discrimination-learning 
if the stimuli are presented simultaneously. It is suggested 
that the twin-generalization hypothesis of Spence, designed to 
account for the type of choice in the transposition experiment, 


will now require an additional assumption to represent this 
P factor. 


(Manuscript received October 4, 1939) 
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A SIMPLE KYMOGRAPH DESIGN 


BY R. M. W. TRAVERS 
Teachers College, Columbia University 


A great many investigations are hampered by the lack of 
funds for necessary apparatus. However, very often the cost 
of the latter can be reduced by suitable design. Kymographs 
and other time recording instruments are an appreciable 
source of expense in experimental psychology. In fact, most 
kymographs of ordinary design in common use cost more 
than $75, while an instrument suitable for most purposes 
can be built with about $4 worth of material and less than a 
day’s labour. 

A kymograph suitable for recording times greater than 
1/20th seconds is shown in the accompanying figure. It may 
be described as being semi-kinematic in design. It is light 
in structure and a motor with an output of only 350 gm. cms, 
will provide adequate power to drive it. Most of the larger 
models of synchronous clock motors will supply this amount of 
power and a good quality model fitted with a gear box can be 
purchased for less than $6.00. 

„Тһе diagram is practically self explanatory. The diffi- 
culty of centering a recording cylinder accurately is overcome 
by rotating it, not on a shaft through its own axis, but on four 
wheels rotating on two shafts parallel to its axis. The record- 
ing drum is marked in with dotted lines. A paint-can of 
good quality will be found to make a suitable recording drum. 
Such cans will have a seam along the length of the cylindrical 
surface parallel to the major axis, which must be smoothed 
over with solder, and two circumferential seams which mark 
the places where the bottom and the lip for the lid are pressed 
into position. The latter two seams form slight ridges on the 
outside of the cylinder and if these are made to rest against 
the wheels on which the cylinder rotates, they can be used to 
apply an additional constraint and prevent side motion. Of 
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course, this method of constraint results in an unnecessary loss 
of energy through friction, but the loss is small and saves the 
time involved in building more efficient forms of constraint. 
Cans of the type under consideration are made with 
considerable accuracy. Any tendency for the drum to be 
elliptical in cross section will not result in any errors of record- 
ing provided that all recording is done in the same plane as 
the driving wheels and the axis of rotation. In such a case 


only one pair of wheels should be used for driving purposes 
and the two pairs should function independently. 

'The two shafts which support the recording drum pass 
through plates at either end. These two plates are held 
apart and rigid relative to one another, by four rods, 3/16th 
inch in diameter. These rods pass through the plates and 
are bolted firmly on either side. Two of these are used |. 
support a carriage which can move the whole of the length о 
the drum. The carriage is used to support recording pens 


and other devices, and when the instrument is in operation, 
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it can be moved continuously along the whole length of the 
drum by means of a thread cut on a rod, and geared to the 
driving wheels. The upper rod passes through two holes in 
the carriage, the lower one through two slits. This system 
means that the carriage is over constrained, but this permits a 
rather lighter design than would otherwise be possible. Pen 
recordings will make a spiral track. When a spiral recording 
track is used a correction must be made, but this will usually be 
small. For example, if the drum has a circumference of 45 cms, 
and the advance of the carriage per revolution is 1 cm, then 
` the error per revolution will be o.o1111 cms, but it is probable 
that the thread which moves the carriage will not be suffi- 
ciently accurate to make this correction worth while. 

A suitable pen for recording purposes is ‘trylon’ shaped 
with a slit along one of the edges. This was found to be much 
superior to the ordinary V-shaped pen. If heavily sized paper 

` is used the usual water and glycerine ink will not be suitable 

` owing to its tendency to dissolve into the size. In such a 
Case a pigment dissolved in glycerine and alcohol should be 
used. Of course, recordings may always be made on a 
smoked surface. 

Гат much indebted to Mr. Fabergé of the Galton Labora- 
tory, London, for his assistance in the design. 
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THE NEURAL CENTERS CONCERNED IN 
THE MEDIATION OF APPARENT 
MOVEMENT VISION 


BY KARL U. SMITH 
The University of Rochester. 


Since Wertheimer (13) first defined the problem of appar- 
ent or stroboscopic visual movement, the neurological or 
physiological basis for this: perceptual process has been the. 
subject of frequent conjecture but of no direct experimental 
investigation. In his 1912 article, Wertheimer proposed that 
apparent movement vision might be explained on the basis 
of short-circuiting neural currents in the higher centers of the © 
nervous system. Köhler. (4) discounts the theory of short- 
circuiting, and insists that apparent movement is phenome- 
nally present because of the dynamic interaction and union of 
the discrete excitatory processes *below the psychophysical 
level? It is not clear whether the *psychophysical level’ 
refers to the cortex or whether such anatomical considerations 
are of no importance. At any rate, apparent movement oc- 
curs only if the interaction takes place below the psycho- ' 
physical level, for at this level, only one process is present, 
which is displaced from one point to another to correspond to ~ 


the seen movement. DeSilva (2) feels that the Gestalt theo- 
ed the unquestionable influence 


ries have ignored or minimiz 
of subjective determination, and proposes to adopt Henry 
ccount for the central 


Head's theory of ‘schematism’ to a 

determination of apparent movement vision. Piéron (5) also 
emphasizes the róle of the subject's attitude, and states further 
443 | 
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that the mechanism of the conditioned reflex accounts for 
the appearance of apparent movement vision. 

The futility of pure theorizing may be avoided to some 
extent by direct investigation of the phenomena of apparent 
movement vision in animal subjects. With physiological and 
surgical techniques available, it is possible to investigate such 
problems as the following: (1) What similarities and differ- 
ences exist between the neural determination of real and of 
apparent movement in vision? (2) What is the relative im- 
portance of cortical and of subcortical centers in the media- 
tion of such perceptual processes? 


In the present experiment, the responses of guinea pigs to 
apparent movement stimulation have been investigated fol- 
lowing bilateral removal of the occipital areas of the cortex, 
unilateral decortication combined with removal of the occipi- 


tal area of the other hemisphere, and complete bilateral 
decortication. 
% А. APPARATUS 
The method employed in the following experiments involves the observation of 
the head nystagmus which is produced in guinea pigs by stroboscopic movement of a 
striated pattern across the visual field! This general method of investigation of 
_ visual functions in mammals has been described previously in connection with experi- 
ииз» visual acuity, movement discrimination, and pattern vision in cats (7, 9, 
тт, 12). 

"The apparatus used consists of a rotating drum which presents a striated pattern 
made up of alternate black and white lines of equal width, a stroboscope which pro- 
vides intermittent illumination of the stripes of the drum, and a recording system for 
registering the head nystagmus of the guinea pig. In Fig.r is shown the arrangement 
of the apparatus. This diagram does not represent the striations of the drum but 
merely its relative size and form. 

_ The rotating drum has 
to repeat here that the stri 
board strips, so cut and mounted on the E 


... 2 Hereafter, the terms ‘stroboscopic movement? and ‘stroboscopic presentation’ 
will be used to refer to the nature of the stimulation used in the experiment, i.e., the 
Presentation of a discrete stationary pattern at different positions at successive points 
in time. The term ‘apparent movement? will refer to the response of the animal to 
such stroboscopic patterns. 


. in the direction of the stroboscopic movement were 
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The Edgerton stroboscope * has been used as a source of intermittent illumination 
in these experiments. This apparatus, which consists of a mercury vapor lamp, a 
power supply, and a synchronous motor contactor, is arranged as shown in Fig. 1. 
The mercury vapor lamp is supported by a rod and placed directly above the guinea 
pig's head within the drum. 

The nystagmic head movements of the animal are recorded on an ink-writing 
polygraph located on a table near the drum. The animal itself is put in a small box- 
holder which leaves the head free for movement. It is then placed on a small platform 
attached to a rod-support approximately at the center of the drum. A light silk 
thread attached to the animal's nose is led through glass guides and connected to a 
light ink-writing lever on the polygraph. 


MERCURY 
ARC 


POLYGRAPH 


Fic. i. Diagram of the apparatus. The striations of the drum are not represented | 


in the.diagram. 


В. PROCEDURE 


Throughout the experiments reported here, the drum was rotated ata constant 
velocity, 108 degrees per second. Varying velocities of stroboscopic movement were 
produced by changing the flashing frequency of the mercury vapor lamp. The fre- 
quency of the stroboscope was always adjusted to a value greater than that of funda- 
mental synchronism with the velocity of the stripes, so that the stroboscopic displace- 
ment of the stripes was.always in a direction opposite their real movement. Reversals 
made by reversing the direction 
of the real rotation of the drum. The speed of the stroboscopic movement could be 
estimated in two ways, by computation from drum speed and stroboscopic frequency, 


and by direct observation and timing by the experimenter. 
2 General Radio Company, Cambridge, Mass. ч 
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When testing an animal, the polygraph was first made ready for recording and 
the motor control of the drum adjusted to give a velocity of 108 degrees per second 
toward the left. The motor contactor of the stroboscope was then set at a flashing 
frequency which would provide a slow stroboscopic movement of the stripes toward 
the right at a velocity of approximately twelve degrees per second, All of the lights 
of the experimental room were then turned off and the polygraph started. After 

' approximately thirty seconds, the mercury vapor lamp was turned on and allowed to 
flash at the adjusted frequency for two or three minutes, after which it was turned off. 
The polygraph was kept running for approximately thirty seconds after the light was 
turned off. Thus, a record of the animal’s activity was secured before and after as 
well as during the stimulation period. The record also included a time line in seconds, 
and a stimulus line indicating the onset and termination of the stroboscope light. 

After a short rest period, the direction of the rotation of the drum was reversed. 

‚ во that the stroboscopic movement now occurred toward the left, and the test was 
repeated. Further records were secured with stroboscopic movement to the right and 

- to the left at velocities of 18 and 36 degrees per second. It should be noted again that 
in all of these observations, the drum speed remained constant and the variations in 
the velocity of stroboscopic movement were produced by altering the flashing fre- 
quency of the mercury vapor lamp. 

Control observations were made on each of the animals by setting the flashing 
frequency of the stroboscope to fundamental synchronism with the velocity of the 
stripes. Under such conditions, the stripes of the drum appear not to move. 


C. ANIMALS AND OPERATIONS 


Of the eighteen guinea pigs employed in the experiment, thirteen were given both 
preoperative and postoperative tests, and five were tested only postoperatively. Nine 
of the first group were tested at all three velocities of stroboscopic movement in the 
preoperative as well as in all of the postoperative observations. 


TABLE т 
THE SEQUENCE or OPERATIONS AND ORDER or Tests Given Eacu SUBJECT 


ded p PVA DHE HY 


mid 
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Table 1 indicates the types of operation given each of the animals and the order 
of tests given under each condition. For example, Subject 102 was observed pre- 
operatively, tested again after removal of the right cortex, and a third time after 
complete bilateral decortication. 


Subject 116—Removal of 
ject 117—Hemidecortica- 


Fic, 2. Photographs of the brains of nine subjects. 
occipital area. Subject 118—Hemidecortication (L). Subj 
tion (L) combined with removal of the right occipital area. 
109, 110, 112—Bilateral decortication. 


Subjects 104, 105, 108, 


In Fig. 2 are shown photographs of the brains of nine of the operated animals used 


ы 5 х 2 ecorticate 
in the experiment. Тһе brains numbered from 104 to 112 are those of Sate 
animals, while the three brains at the top of the plate represent respectively dE 
moval of the occipital areas (119), the left cortex (118), and the left cortex and rig 
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occipital area (117). Examination of the brains of the decorticate animals will show 
that in Subjects 104, 109, and 112, small bits of cortex remained intact frontally or 


temporally. з 
‘The operations on these animals were carried out aseptically under Nembutal 
anesthesia. A midline incision was made in the scalp, and the skull under the tem- 


poral muscle was cut away with a small electric burr and bone forceps. The cortical 
tissue itself was removed by means of a small pipette attached to a suction pump, a 


method which permits precise destruction of any desired region of the cortex without 
injury to subcortical structures. After an animal was tested it was killed and per- 
fused with 5 percent formalin through the aorta. "The brain was later removed from 


the skull and photographed. 


D. Resuuts 


In order to describe more clearly the conditions’of stimula- 
. tion, Table 2 is introduced here prior to a discussion of the 


TABLE 2 
- CONDITIONS or THE STIMULUS COMPLEX AT Turre SPEEDS or Srroposcoric 
Movement 
Stroboscope Stroboscopic Stroboscopic 
Фета а Frequency Movement Movement 
ix (Flashes/Sec.) (Stripes/Sec.) (Degrees/Sec.) 
15 16.7 17 12 0.7 
15 17.5 2.5 18 1.0 
15 20.0 5.0 36 1.8 


records obtained. In this table, the first two columns give the 
speed of real movement of the drum in stripes per second and 
the frequency of the stroboscope in flashes per second. ‘The 
difference between these two values gives the velocity of stro- 
boscopic movement in stripes per second (Column 3). ‘This 
latter value is also converted into degrees per second. The 
last column gives the stroboscopic separation in degrees, that 
is, the degree of separation of two successive stationary? pat- 
terns which are seen as an apparently moving stripe. 


I. Responses to Stroboscopic Movement Stimulation in 
. Normal Guinea Pigs 
In Fig. 3 are shown records secured from normal guinea 
pigs when stimulated by the three different speeds of strobo- 
scopic movement used in the experiment. The records pre- | 


3 The stimulus patterns may be regarded as ‘stationary’ since a single flash of the 
Edgerton stroboscope has a duration of only 5-10 microseconds. 
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sented in this figure are photographic reproductions of re- 
touched polygraph records. The top line of each record 
indicates time in seconds, the second line is the stimulus line, 
and the third is the record of the head movements of the 
guinea pig. An upward deflection of the stimulus line indi- 
cates the onset of the light stimulation, and a downward 
deflection, the termination. In the nystagmus record, an 
upward deflection corresponds to a movement to the right, 
a downward deflection, a movement to the left. The records 
at the left of the figure were obtained with the stroboscopic 
movement toward the right, those at the right of the figure 
with the movement toward the left. . 

Examination of the records will show that stroboscopic 
movement of striated visual patterns elicits in the guinea pig 
consistent orientations correlated with the direction of the 
stroboscopic movement. When the stroboscopic patterns are 


` moving toward the right, the head responses of the animal 


consist of two phases, a slow pursuit response toward the right 
(deflection upward) and a fast saccadic movement toward the 
left (deflection downward). Conversely, when the strobo- 
Scopic movement occurs toward the left, the pursuit responses 
of the animal are toward the left, without exception. These 
nystagmic responses of the guinea pig duplicate in form and 


' general temporal relations the well-known ocular nystagmus 
_ produced in many animals by real movement of visual patterns. 


The head nystagmus of the guinea pig displays both the pur- 
suit and saccadic movements which are observed in eye 
nystagmus, and, as in the case of eye nystagmus. produced 
by real movement, the nystagmic head movements of the 
guinea pig vary in frequency, within limits, as a function of 
the velocity of the stroboscopic movement. The records 
presented in Fig. 3 are representative of those obtained from 
thirteen normal guinea pigs. In addition similar records 
were obtained from the same subjects when stimulated by 
real movement of the striated pattern. ; 

. While giving head nystagmus, the guinea pig also at times 
displays eye nystagmus to stroboscopic movement of the 
visual field. The movements of the eyes are ordinarily more | 


d 
1 
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rapid than the nystagmic responses of the head, but at the 
higher velocities, the head nystagmus and eye nystagmus 
often correspond in frequency. When the correlation does 
obtain, a notable pattern of head nystagmus is secured, as 
for example, that represented in Fig. 3 by the lower two re- 
cords to the right, of Subject 109. In these two records, 
which were taken at stimulus velocities of 18 and 36 degrees 
per second toward the left, will be seen large nystagmic move- 
ments at a frequency of one every three or four seconds, 
superimposed upon which are smaller nystagmic reactions of 


a frequency of about one per second. The smaller nystagmic 


reactions of the head correspond exactly to the frequency of 
the eye nystagmus of the animal. The presence of eye nystag- 
mus was determined by direct observation, as no method for 
recording the eye movements was utilized. 

Many of the records obtained on normal guinea pigs show 
the occurrence of nystagmic reactions after termination of the 
period of light stimulation. In Fig. 3 such after-nystagmus 
appears in seven records. These responses, which are also 
produced by real movement, occur fairly consistently in the 
records of normal animals, and indicate again the close simi- 
larity between optic nystagmus produced by stroboscopic and 
by real movement of striated patterns. 

Control observations were made on some of the normal 
animals when the stroboscopic movement was reduced to zero 
velocity by adjusting the flashing frequency of the strobo- 
scope to fundamental synchronism with the velocity of the 
stripes. Under such conditions none of the animals displayed 


\ 


any sort of consistent movements such as have been described | 


above. 


2. The Effect of Partial Decortication upon Responses 
to Stroboscopic Movement 
Three types of operations were performed which involved 
partial destruction of the cerebral cortex in the guinea pigs. 


These included removal of the occipital areas of the cortex | 


mals), and hemi- 


decortication combined with removal of the occipital area of 


X 


(six animals), hemidecortication (nine ani 
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the other hemisphere (four animals). The four animals of 
the third group served as subjects in either the first or the 
second group after a first operation, and in the third group 
after a second operation (see Table 1). 

The effects of removal of the occipital areas of the cortex 
upon the responses of the guinea pig to stroboscopic move- 
ment were found to be relatively insignificant. Satisfactory 
responses were given postoperatively by all six animals, 
although complete sets of records at all three speeds were 
obtained for only three of the subjects. Examination of these 
records shows no distinguishable differences from those se- 
cured with normal animals in magnitude of response, or in 
the occurrence of after-nystagmus. As will be shown quanti- 
tatively later, frequency of response increased somewhat fol- 
lowing the operation. 

Behavioral and histological observations confirmed the 
success of the operations, in indicating the complete bilateral 
removal of the visual areas of the cortex.  Behaviorally, these 
six animals displayed visual defects similar to those which 
have been described in other animals after removal of the 
visual cortex. "They often walked off elevated surfaces and 
could not locate food on the basis of visual cues. Histological 

. examination of the six brains showed in each case general 
degeneration of the external geniculate bodies, a condition 
' which is brought about by destruction of the visual cortex. 

Following hemidecortication, records such as those which 
appear in Fig. 4 were obtained. The records in this figure 
were secured from Subject 109, in which the right cortex had 
been removed. It is obvious from these records that hemi- 
decortication does not distinctly alter the nystagmic responses 
to stroboscopic movement in either direction. The frequency 
of the reactions is at least as great as in the normal animal, 
and the magnitude of the reactions is not greatly different. а 
Further, the hemidecorticate guinea pigs display after-nystag- 
mus to both directions of stroboscopic movement. In some 
of the hemidecorticate pigs, the rate of head nystagmus was 
markedly increased after the operation. For example if the 
results secured on Subject 109 before and after hemidecortica- 
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tion be compared (Figs. 3 and 4), it will be seen that the 
frequency of the movements at corresponding speeds was 
greater after the operation. In the animals in which this 
increase was noted, the rate of the head nystagmus corre- 
sponded almost exactly to the rate of the eye nystagmus, and 
the coórdinated large and small nystagmic reactions, previ- 
ously noted in the behavior of normal animals, were not 
observed. 

———————— M MM ee tt ee re tints 


Voy sert gere coe 


BA ME iac (t) 


PoUux mnm cmn 
MM 


MÁS У O " 
[DO "єс, (4) 


n SARA | 
Ar A A A a Ааа 
REA »e7stc. (0) 
m/sec, (A) 


Fic. 4. Head nystagmus produced by stroboscopic movement in one guinea pig in 
which the right cortex had been removed. 


With extensive destruction of the cortex in the guinea pig, | 
h removal of the | 


involving hemidecortication combined wit ) , 
occipital area of the other henisphere, the nystagmic reactions 
produced by stroboscopic movement of the visual field still 
persist. The operation was performed upon each of the four 
animals in two stages. In Subjects 112, 113, and 115, the 
Occipital areas of the cortex were 


maining cortex on the left side extirpated at a later time. In 


first removed and the re- 
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Subject 117, the right cortex was first removed, followed by 
extirpation of the left occipital area. The top series of records 


. in Fig. 5 were obtained from Subject 112 following removal 


of the left cortex and the right occipital area. Here again 
there are no notable deviations from records of normal sub- 
jects in frequency of movements, although the magnitude of 
the movements is noticeably greater, representing a head 
deviation of as much as 120 degrees in some instances. The 
animal displays after-nystagmus at stimulus velocities of 18 
and 36 degrees per second. 

Reference to the lower half of Fig. 5 will show that, with 
removal of the remaining cortex in Subject 112, the nystagmic 
reactions still persist, although somewhat changed in form. 
The frequency of the responses is not less, but the magnitude 


"of the responses is definitely reduced. The animal, after this 


third operation involving removal of almost every remnant of 
'the cerebral cortex, displays reactions at all three velocities 
of stroboscopic movement, and also gives some instances of 
after-nystagmus (not shown in Fig. 5). 


3. The Effect of Complete Decortication upon Responses 

to Stroboscopic Movement 

In all, twelve decorticate guinea pigs were observed in the 
apparent movement situation. The cortex was removed in 
one stage in three animals, in two stages in seven animals, 
and in three stages in the remaining two animals. Most of 
these subjects were tested within a few hours after the cortex 
had been removed and also at a later time varying from two 
to ten days after the operation. 

The results secured on two animals, Subjects 104 and 109, 
in which the operation was carried out in one and in two 
stages respectively, are presented in Fig. 6. The records 
given in this figure are to be compared with those presented 
in Fig. 5 for Subject 112, in which the cortex was removed in 
three stages. All of these records were secured from three to 
six days following thelast operation. In every case responses 
to stroboscopic movement persist after all somatic cortex has 
been removed, and appear about the same whether the opera- 
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PIG 112. DECORTICATE b 
Fic. 5. Head nystagmus produced by stroboscopic movement in one guinea pig 
at two different stages of decortication. The upper group of records were secured after _ 
the right cortex and the left occipital area had been removed. The lower group of © 
_Tecords were secured after complete decortication. ў 
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tion was performed in one, two, or three stages. Subject 
‚ 104, in which the cortex was destroyed in one stage, displays 
as regular responses as does Subject 112, in which the opera- 
tion was performed in three stages. Subject 109 likewise dis- 
plays consistent head reactions to the stroboscopic movement. 

The preoperative records for Subjects 104 and 109 have 
been presented previously in Fig. 3. Comparison of these 
records with those in Fig. 6, secured after bilateral decortica- 
tion, will show that certain changes occur in the nystagmic 
reactions after the cortex has been removed. The reactions 
of the decorticate guinea pigs are definitely increased in fre- 
quency but are of smaller amplitude than those observed in 
normal animals. The reactions of the decorticate animals, 
however, are as consistent as those found in the normal guinea 
pig. ‘There seems to be no notable change in the initial lat- 
ency of the response or in the rate of the fast phase of the 
responses after complete removal of the cortex. It should 
be noted that the records of the two decorticate animals in 
Fig. 6, which include the termination of their period of light 
stimulation, show long series of after-nystagmus movements. 
. . Records presented previously in Fig. 4 have indicated the 
nature of the responses of Subject 109 after hemidecortication. 
Comparing these records with those obtained on Subject 109 
after bilateral decortication, it is seen that there are few if any 
distinctive modifications in the animal's responses when the 
second hemisphere was removed. The most notable changes 
are an increase in regularity of the reactions toward the right 
after the left cortex was removed and a slight decrease in the 
amplitude of response at the higher velocities of rotation. 
This latter observation has. already been made concerning the 
records of Subject 112 iri Fig. 5. 

The character of the responses of decorticate guinea pigs 
is determined to some extent by the time which has elapsed © 
since the operation. Ordinarily, the nystagmic reactions are 
weak and irregular for some six to twelve hours following 
recovery from the anesthesia. It is not always possible to 
elicit them at this early stage. On the second day following 
the operation, however, stroboscopic movement in the visual 
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field produces responses which are as consistent and of as 
great a frequency and amplitude as at any succeeding period. 
During the first day following the operation, the heightened 
activity characteristic of a decorticate animal makes it ex- 
tremely difficult to restrain the subject, a fact which may 
partly but not wholly explain the irregular responses obtained 
during this time. ; 


4. Quantitative Summary of Results 

The correlation between frequency of reactions and veloc- 
ity of stroboscopic movement for both normal and operated 
animals is indicated in Table 3. The numbers in the body of 
the table represent the maximal number of responses made 
over a period of fifteen seconds in any of the test periods. 
Velocity and direction of stroboscopic movement are given 
across the top of the table while the column to the left of the 
table indicates the condition and number of the subject. 
Only data for animals on which a complete series of pre- 

* operative and postoperative records were secured are included 
in the table. 

Comparison of preoperative and postoperative data, either 
for individual animals or for the groups, will bring out the fact 
that there is a definite tendency toward increased frequency 
of response following the operations. For the group of hemi- 
decorticate animals, there is a slight (though statistically 

insignificant) increase in frequency at all three speeds, for 
movement in a direction opposite the side of the lesion. When 
the stroboscopic movement was toward the side of the lesion, 
there were no consistent changes in frequency from the normal. 

- The tendency toward increased frequency of reaction is more 
marked following bilateral removal of the occipital areas, 
and is particularly striking following bilateral decortication. 
Summaries of the group averages for these two conditions are 
given in Table 4. This table gives the mean preoperative 
frequencies of response at the three speeds for the animals of 
each group, the mean postoperative frequencies. of response, 
* the differences between the two means, the critical ratios, 
* and the corresponding P-values. Those critical ratios marked 
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TABLE 3 


Тнк Maxmum NUMBER or Responses Occurrinc IN FIFTEEN SECONDS AT THE 
THREE DIFFERENT VELOCITIES or STROBOSCOPIC MOVEMENT 
IN NomMAL AND OPERATED Änmars ` 


Rotation to Right Rotation to Left 


Subject : 
12°/sec. 18°/sec. 
Normal 
102 2 7 I 
104 6 7 4 
107 5 7 4 
109 3 10 3 
112 І 4 I 
118 3 4 2 
119 2 2 3 
120 4 7 3 
Occ. Areas 
Removed ч 
112 3 19 
119 5 8 13 
120 3 p 
One Hemis. 
Removed 
102(R) 3 4 107 
107(R) 5 5 б 
109(R) 4 7 E 
118(1) 3 6 9 
One Hemis. 
and Occ. A. 
Removed 
112(L.Hem.) 7 6 18 


Decorticate 


TABLE4 - 


* Statistically significant. 4 
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with asterisks (*) have corresponding values of P of .05 or 
less, and thus are assumed to have statistical significance. 
This general method for dealing with small samples has been % 
recommended by Fisher: According to the data presented. 
in the table, there was a postoperative increase in response 
frequency at stroboscopic velocities of 18 and 36 degrees per 
second for the animals in which the occipital areas were re- 
moved, and at all three velocities, 12, 18, and 36 degrees per 
second, for the decorticate animals. 


E. Discussion 


1. The Nature of Apparent Movement Vision 
in Infra-Human Mammals 


As described above, optokinetic head nystagmus has been 
: elicited in normal, partially decorticate, and completely de- 
corticate guinea pigs by stroboscopic movement of striated 
patterns with velocities of 12, 18, and 36 degrees of visual 
angle per second. Using these three stroboscopic velocities, 
* the spatial separation of an individual stimulus striation upon 
successive flashes of the stroboscope was 0.7, 1.0, and 1.8 
degrees, respectively. Polygraphic records of the head ny- 
stagmus so elicited indicate that the frequency of the responses 
is a function of the velocity of the stroboscopic movement. 
These observations are consistent with the results of previ- 
~ ously reported experiments (Smith'and Kappauf, 10), in which 
‘it was found that ocular nystagmus may be produced in cats 
by similar stroboscopic stimulation. 

The nystagmic head responses elicited in guinea pigs by 
stroboscopic movement duplicate the form of the reactions 
elicited by real movement stimulation, providing the nature 
of the lined pattern and the velocity of the seen movement 
are comparable in the two cases. The similarity of the re- 
sponses is such that it is impossible to tell the nature of the 
stimulation from an examination of the nystagmus records 
alone. . This means that both types of stimulation produce 
reactions of similar frequency, latency, amplitude, and regu- 


4 Fisher, К. A. Statistical Methods for Research Workers. sth ed. Edinburgh: 
Oliver and Boyd, 1934." Pp. xiii + 319. 
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larity, and seem to be equally: effective in bringing about 
after-nystagmus. а 

All the experimental observations summarized above seem 
to indicate that the responses of guinea pigs (and cats) to 
stroboscopic movement constitute a type of movement vision 
not discernibly different from that related to real movement. 
of stimulus patterns. From the data at hand, there is every 
reason to believe that stroboscopic movement of visual pat- 
terns is as ‘real’ to the animal as continuous movement of 
the same patterns. It is plausible to assume that the apparent 
movement vision of animals is functionally similar to that of. 
man, for, as far as could be’ determined, the conditions of 
stroboscopic stimulation which produce nystagmus in guinea 
pigs are the circumstances under which the human eye ob- 
serves apparent movement, while those conditions of strobo- » 
scopic stimulation which fail to produce nystagmus in the 
animal also fail to give the impression of movement to the 
human eye. f 

The present results seem significant in suggesting that the © 
capacity for apparent movement vision is a fundamental 
aspect of mammalian vision and is not, as has been implied 
in some theories, a perceptual capacity based primarily upon 
some process of learning or acquired perceptual interpretation 
(Piéron, 5). The appearance of apparent movement vision 
in completely decorticate ¢nimals strongly implies the primi- 
tive nature of the function. 


2. Types of Visual Receptors and their Relation 
to Apparent Movement F 15107. 

In the last few years evidence has accumulated that the 
ability to respond to stroboscopic movement is limited by the 
nature of the visual system. In a number of experiments on 
invertebrate animals, Gaffron (3) has shown that responses 
to stroboscopic movement do not occur in animals possessing 
compound eyes when the spatial separation of the successively 
. presented stroboscopic pattern exceeds the visual angle sub- 
tended by individual facets of the eye. On the basis of these 
results, Gaffron concludes that no true apparent movement 
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vision exists in dragon-fly larve and flies. However, it has 
been shown by Gaffron that fish give clear optokinetic re- 
sponses to stroboscopically presented movement. Schiller (6) 
corroborates these results on fish, showing that a fish can be 
trained to respond on the basis of apparent movement vision. 
These data, combined with the results described above on the 
guinea pig and the cat, suggest that apparent movement 
vision is typical of the vertebrate visual system. 


3. The Neural Mediation of Apparent Movement Vision 


The main purpose of the present experiment was to deter- 
mine, as far as possible, the neural centers concerned in the 
mediation of apparent movement vision in the guinea pig. 
Results obtained relative to this problem indicate that opera- 
‘tive lesions which destroy the cortical projection areas of the 
retina have no detrimental effect upon the capacity of the 
animal to respond to stroboscopic movement. Six animals 
in which the striate areas of the cortex were destroyed bi- 
laterally displayed reactions to stroboscopic movement as 
consistent as and somewhat more frequent than those found 
in normal animals. These observations confirm previously 
reported results on the cat, which showed that ocular nystag- 
mus produced by stroboscopic movement of the visual field 
-iş not markedly disturbed by the removal of both visual areas 
of the cortex (Smith and Kappauf; 10). Extirpations involv- 
ing removal of one hemisphere of the cortex seem to influence 
only slightly the nature of the guinea pig’s responses to strobo- 
scopic movement. The only discernible change was a slight 
(statistically insignificant) increase in frequency of response 
when the stroboscopic movement was in a direction opposite 
the side of the lesion. Animals deprived of one hemisphere 
and the opposite occipital area are comparable to the ani- 
mals deprived of both occipital areas. No marked changes 


were noted except increased frequency of response in both 
directions. : 


Observations on the effect of partial cortical lesions were а 


supplemented by careful investigation of apparent movement 
vision in twelve bilaterally decorticated guinea pigs. Using 
data of the four animals from which complete series of pre- 
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operative and postoperative records were secured, it has been 
shown that there is a statistically significant increase in fre- 
quency of the nystagmic reactions at all three velocities of 
stroboscopic movement. However, the decorticate animals 
displayed a slight reduction in magnitude of response at all 
velocities of movement. Every animal in this group re- 
sponded consistently to stroboscopic movement in every test 
given after the first day following the operation. There can 
be. no doubt as to the discriminative nature of the response, 
as the nystagmic pursuit phase was always correlated with the 
direction of the stroboscopic movement. Of the twelve 
guinea pigs in this group, decortication was carried out in one 
«stage on three animals, in two stages on seven animals, and 
in three stages on two animals. "These differences in the pro- 
cedure of the operation seemed to have no influence on the 
nature of the responses to stroboscopic movement recorded 
two to four days after the final operation had been carried out. 

The phenomenon of post-stimulation nystagmus or after- 
nystagmus occurs in normal animals following stimulation by 
both real and stroboscopic movement. This fact is of some 
importance since the occurrence of such reactions can possibly 
be taken as an indicator of the effectiveness of the nystagmus- 
producing stimulation. Inasmuch as after-nystagmus was 
observed as frequently in postoperative as in preoperative , 
_tests, we may assume that the stroboscopic stimulation lost 
none of its effectiveness for the animals following cortical 
operations. In fact, as some of the records in Fig. 6 indicate, 
post-stimulation nystagmus seems to occur more frequently 
and to last for longer periods of time in the decorticate than 
in the normal animal. 

Since the data presented leave little doubt that apparent | 
‘movement vision occurs in the absence of all somatic cortex, 
it is of interest to inquire into the possible subcortical centers | 
and pathways involved in responses to stroboscopic move- 
ment. Available anatomical and physiological knowledge 
suggests that the pretectal nuclei and the centers of the su- 

perior colliculi are the significant subcortical stages of integra- 
tion which are involved in the complicated processes of ex- 
Citation and inhibition demanded for nystagmic pursuit to ij 


si 
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stroboscopic movement. In related observations of the writer 
(8) on the rôle of. the superior colliculi in the mediation of 
optic nystagmus to real movement stimulation, it has been ` 
shown that each colliculus is primarily concerned with the 

determination of nystagmic reactions, the pursuit phases of 

which are toward the ipsilateral side. That is, the right 

superior colliculus mediates primarily responses to movement 

toward the right, and vice versa. In addition to the deter- 

mination of these directional characteristics of optic nystag- 

mus, the colliculi may also play some role in the fusional 

processes basic to apparent movement vision. But it should 

be emphasized that the eye movement centers and related 

nuclei of the brain stem may likewise be invólved in these 
fusional processes, for these centers are undoubtedly signifi- 

cant in the production of nystagmus, whether of ocular or of 

vestibular origin. 

The phenomenon of apparent movement vision is presum- 
ably understandable only in terms of some integrational fusion 
process either within the retina or at some higher level of the 
visual system. Accordingly, the present results are significant 
in showing that fusion of neural impulses occurs at some stage 
of the visual system below the level of the cortex. At the 
same time, these results argue against any sort of neural or 

‚ retinal streaming effects as the basis of optic nystagmus. 
This is evident from the fact that the stroboscopic flashes _ 
used in the present sutdy had a duration of a few micro- 
seconds, and thus provided a type of pattern presentation 
which was essentially stationary but which appeared on differ- 
ent parts of the animal’s retina in a given temporal sequence. 

In view of the results of the present experiment, certain of 
the previously expressed theories concerning the neural basis 
of apparent movement vision are found to be inadequate., 
The belief of Wertheimer (13) that apparent movement vision 
is dependent upon cortical processes of difusion and short- 
circuiting obviously fails to account for the subcortical func- 
tions demonstrated here, although certain aspects of apparent 
movement vision, such as binocular integrations, may require 
the functioning of an intact cortex. The data of the present. 
study, contrary to the ideas expressed on this subject by à 
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number of Gestalt psychologists, indicate that the general 
phenomenon of apparent movement vision is related to certain 
of the more primitive subcortical reflex functions, and does not 
demand the postulation of any special neurological mechanism 
associated with cortical processes. The phenomena of neural 
interaction which have been found to occur within the retina 
and possibly also at other stages of the central visual system 
(Bartley, 1) seem to provide a sufficient explanation for many 
of the facts observed in connection with apparent movement 
vision. It is the opinion of the writer that the demonstrated 
capacity of decorticate animals for responding to stroboscopic 
movement relieves one of the necessity for utilizing other than 
known neural mechanisms as a basis of explanation. 


Е. SuMMaRY  # 


1. Stroboscopic illumination of a moving striated pattern 
which covers almost the entire visual field is effective in 
producing in the guinea pig differential nystagmic reactions, 
the frequency of which is a function ‘of the velocity of the 
stroboscopic movement. 

2. The character of the nystagmic responses of the head 
produced in guinea pigs by means of stroboscopic movement 
duplicates in almost every detail similar responses elicited by 
real movement. 

3. Results of extirpation experiments indicate that re- 
moval of the occipital areas of the cortex in the guinea pig 
does not markedly alter the nature of the animal's responses 
to stroboscopic movement, although the frequency of response 
is somewhat increased following the operation. Hemidecor- 
tication does not alter the nature of the responses in any 
significant way. Hemidecortication combined with removal 


of the occipital area of the opposite hemisphere produces. 
results comparable to those following removal of the occipital 


areas alone. jS 

4. Responses to stroboscopic movement persist in the 
guinea pig after complete bilateral decortication. In the 
“decorticate animals there is a significant increase in the fre- 
quency of the responses and some reduction in amplitude 
following the operation. Eos 
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5. The results of the experiment indicate beyond doubt 
that the capacity for apparent movement vision persists in 
the guinea pig after the destruction of the cortical projection 
centers of the retina and after all somatic cortex has been 
removed. 

6. If apparent movement vision be understood as con- 
stituting a type of neural fusion and interaction within the 
visual system, as it presumably must be, one may conclude 
that the present observations offer proof of the occurrence of 
neural interaction and fusion below the level of the cortex. 

7. The significance of the present data for the general 
theory of apparent movement vision lies in the demcostration 
of the phenomenon as a function of the subcortillal reflex 
systems. 


(Manuscript received November 21, 1939) 
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AN EXPERIMENTAL INVESTIGATION OF 
MEMORY SPAN 


BY ROY BRENER 
University of Chicago* 


The present study is concerned with the relative constancy 
of the memory span. In the literature there is no definite 
evidence as to whether memory span is general or specific, 
i.e., whether the span of an individual remains constant rela- 
tive to that of the other members of the group in spite of the 
variations due to the influence of other factors. In this in- 
vestigation two factors were varied at different times, namely, 
the type of material and the sensory avenue of presentation. 
The object was to investigate the constancy of the individual 
in relation to the group under these two conditions. 

At the same time the data also yield information on the 
absolute constancy of the memory span. In the earlier litera- 
ture the general belief was that there was a constant absolute 
size of memory span, î.e., that the size of the span did not 
vary with the material presented. Blankenship (х), in a 
recent summary of the literature, presents evidence to prove 
that the absolute size of the span varies from material to 
material. The present study lends further evidence to this 
latter conclusion. It may be noted in passing that should 
there be an absolute constancy, that is, should the size of the 
memory span be independent of the type of material then the 
question of relative constancy would be automatically solved, 
and memory span would of necessity be general rather than 

' specific. : 
PLAN or THE EXPERIMENT 
Materials and Method of Recall 


"Tests were constructed with ten different kinds pf material. The materials are 
* The writer wishes to express his appreciation to Dr. Н. A. Carr, Dr. F. A. Kings- 
bury, and Dr. L. L. Thurstone for their guidance and assistance during the ome of 
this study. He also wishes to thank Mr. Ledyard R. Tucker for his suggestions of 
procedure in the factorial analysis on which the latter part of the study is wee Е 
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However, in order to clarify the procedure and the general set-up of the experiment 
a few words of explanation are given on the terminology used to describe the tests, 
Each test was composed of a variable number of units. In the digit test, for example, 
each digit was a unit; in the sentence test each sentence was a unit, etc. The units 
were organized into series of varying lengths. In some tests the minimum length of 
a series was one unit; in some tests the maximum length was thirteen units. The 
presentation of a series to the subject constituted a trial. In all the tests except two 
each unit was typed on a separate 3” X 5” card. In the two remaining tests 3" X 5" 
cards were also used. However, in one of the tests, the test of Geometrical Designs, 
each unit was drawn on a card rather than typewritten. In the other test, the test of 
Colors, each unit was pasted on a separate card. 
Digits.—In the digit test, as already indicated, each digit was a unit. Ten series 

of four units were constructed, ten series of five units, ten series of six units, etc., up 
to and including ten series of thirteen units. In all other tests, likewise, ten series 
were constructed for each unit length. In constructing the various series for the digits 
the usual precautions were observed. An attempt was made to avoid common asso- 
ciations such as historical dates, the current year, etc. No digit was placed next to 
one immediately following or preceding it in the usual order of counting; e.g. the 
number seven was never placed after six or eight. No digit was repeated in any one 
series except where there were more than nine units to the series. The method of 
recall of the series of digits was oral reproduction. This method of recall was used 
for all of the tests except the test of Memory for Commissions. At the conclusion of 
each series the subject was supposed to repeat the digits in the order of their appearance 
in the series. 
Nonsense Syllables.—Each nonsense syllable constituted a unit. Series for this 

test varied in length from one to six units inclusive. All of the nonsense syllables used 
in this test were chosen from Glaze's (3) list of syllables having associational values 
* ranging from до percent to 53.33 percent. In reproducing any given series the subject 
was instructed to spell out the three letters of each nonsense syllable rather than to 

pronounce the syllable. : 

Consonants —Each consonant constituted a unit, The series varied in length 

_ from four to thirteen units inclusive. In constructing the series the same general rule 
was followed as for digits, with the additional consideration that no series contained 
the same unit twice, Likewise, in recall the procedure was the same as for digits. 

Geometrical Designs. —The following figures or designs were used: oval, triangle, 
square, spade, heart, diamond, trapezoid, circle and semi-circle. Each design con- 
stituted a unit. The series varied in length from four to nine units inclusive. The 
designs were drawn in India ink on 3” X 5" cards, All of the designs were made as 
“nearly equivalent in area as possible. The area per design was approximately one-half 
square inch. In recalling any series the subject was supposed to repeat the names of 
the designs in their proper order. 

Colors —The following colors were used: red, orange, yellow, green, blue, white, 
purple, black and gray. Strips of color one-fourth by one inch were cut from sheets 
of paper ordinarily used in color vision experiments. Each strip was pasted on а card _ 
3" X 5" to constitute a unit. The series varied in length from four to ten units 
inclusive. Again, the subject reproduced orally the names of the colors in the order 
of their appearance, ; s 

Concrete Words.—Each unit was a four letter concrete noun, ¢.g., goat, hand, doll, 
etc. The series varied in length from four to ten units inclusive. Special care was 
taken to avoid alphabetical arrangement of the units and obvious associations such 2i 
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hand, foot, etc. At the conclusion of a series the subject repeated the words in the 
order of their appearance. 

Paired Associates—The unit was a combination of a three letter concrete noun 
and a two digit number, e.g., boy-31.. The series varied in length from two to five 
units inclusive. In recall the subject had to repeat orally the noun and its corre- 
sponding number, each unit in its proper order. 

Abstract Words.—The unit consisted of a five, six, or seven letter abstract noun 
of one or two syllables. In constructing the series for the test the units were chosen 
so that every series of a given unit length contained exactly the same number of letters 
and the same number of syllables. For example, each of the ten series of four-unit 
length contained eight syllables and twenty-four letters; each series of five-unit length 
contained nine syllables and thirty-two letters, etc. The series varied*in length from 
four to nine units inclusive. The procedure in recall was the same as for concrete 
words, 2 

Memory for Commissions,—The unit in this test. consisted of a simple command. 
An example of such a unit is the following: “Put a circle around A.” Another is: 
“Put a comma below B.” Each unit was five or six words in length. The series 
varied in length from one to five units inclusive. As mentioned above the method of 
recall in this test differed from the others. Instead of repeating the commission orally 
the subject performed the task on a card placed before him for that purpose. As in 
the other tests, however, each commission was to be performed in the order of its 
appearance in the series. ` 

Simple Sentences.—In this test a simple declarative sentence constituted a unit. 
Each sentence consisted of six words in eight syllables. An example of a unit is the А 
following: “Магу waved to the cheering crowd.” The series varied in length from. 
one to five units inclusive. In recalling each series the subject was to repeat each unit, 
i.e., each sentence, verbatim and in its proper order in the series. 

Auditory Tests:—In addition to the ten visual tests listed above, there were also 
three auditory tests—tests for consonants, concrete words and abstract words, The ) 
same procedure was followed in constructing these tests as in constructing the visual. 
tests for the same materials. In fact, the tests were identical except for a rearrange- 
ment of the units in the various series. As in the visual tests the method of recall was _ 
oral reproduction. 


Method of Presentation 

In the visual presentation of the test material to the subject the following pro- 
cedure was adopted throughout the experiment: the subject sat at a table opposite the 
experimenter who was hidden from view by a black cloth screen. The cards con- 
taining the units of material were shown to the subject through an exposure apparatus 
at the rate of one card every two seconds. This rate of exposure, two seconds per 
unit, was maintained throughout the experiment. Sin E 
exposure apparatus by hand, a special device was set up to assure as accurate timing 
as possible. An electrically. controlled metronome clicking at the rate of once every 
two seconds was enclosed in a sound box. The sound of the metronome was con- 
ducted to the experimenter by a set of ear-phones. The actual experiment was not 
begun until the experimenter had had sufficient practice in synchronizing the dropping 
of the card with the clicking of the metronome. d ^ 

Before the presentation of any series the subject was told show many units the 
series contained. He was also given a warning signal approximately one secon before 
the presentation of the first unit of the series. In order to make sure that the same 
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exposure time was allowed for the last unit of a series as for the others the subject was 
told not to repeat the series to the experimenter until the appearance of a blank card 
after the last unit of the series. For example, if a series consisted of five units, each 
unit being visible for two seconds, the fifth card was followed by a blank card at an 
interval of two seconds. Immediately on the appearance of the blank card the subject 
repeated the entire series. It was further emphasized in the instructions to the subject 
that in those cases where he could not repeat the entire series he was to give as much 
of it as possible in proper order, indicating the omitted units by saying the word 
* Blank. 

The order in which the tests were presented to the subject is the order in which 
they are listed above. The same order was used for all subjects so that practice effect 
would be as nearly constant as possible. 

In the digit test, which was the first, the subject was given ten series of six units 

~ each. If he got all ten series correct, he was ер given ten series of seven units length. 
Tf, however, he failed in any of the series of six units length, he was given ten series of 
five units length, etc., in descending order until the point was reached where all ten 
series of a given unit length were repeated correctly. The unit length at which all 
the ten series were given correctly is referred to as the *basallevel After the basal 
level had been established, the subject was then given ten series of each unit length for 
which he had not yet been tested until the point was reached where he failed all ten 

_ trials of a given unit length. An example is herewith given of the order of presentation 
of the series to Subject B in the digit test. Subject B was given the ten series with 

six units per series and repeated six of the ten series correctly. Не was then given the 

ten series of five units and responded correctly on eight. Next followed the ten series 

of four units, on which he repeated all the series correctly. The series of four units 
length constituted the basal for Subject B. Next followed ten trials of seven units 
length, four of which were given correctly. Three of the series of eight units length 

were correct, one of the series of nine units length was correct, and none of the series of 

* ten units length were correct. This concluded the digit test for Subject B. 

The same general procedure was followed for all of the visual tests, except the 

test of memory for commissions. The administration of the auditory tests differed 
„from the visual only in that the material was read by the experimenter. But the rate 
of presentation, the number of series, the number of units per series, and the mode of 
response were the same for the auditory and visual tests. 

As already mentioned, the only noteworthy deviation from the above procedure 
was in the test of memory for commissions. Accordingly, the procedure for this test 
is herewith outlined. A card was placed before the subject on which were printed in 
ink certain symbols, ¢.g., the letters A and B or the digits two and three, or combina- 
tions of letters and digits. A pencil was placed before the subject along with the card. 
The subject was then told to attend to the exposure apparatus, and after the usual 

Ж warning signal, the units of each series, that is, the commissions or the commands, 
were presented exactly as were the units of every other test. Upon the appearance of 
the blank card which indicated the close of the series, the subject picked up the pencil 
and performed the operations on the symbols on the card before him. As in the other 
tests, there were ten series for each unit length. 

The length of time for the completion of a test varied from test to test and from 

_ individual to individual. Those tests in which the units were complex, such as the ~ 
test of Sentences and the test of Memory for Commissions, took a relatively short 
time, since the subjects failed on all ten series where only three or four units were © 
involved. "Those tests in which the units were less complex, such as the test for Digits 
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and the tests for Consonants, took a longer time. Likewise, subjects who did the best 
took the longest time. With practically all the subjects the thirteen tests'were com- _ 
pleted in four or five sessions of about one hour each. In the case of a few of the 
highest scoring subjects a sixth session was required. No limitations were placed on 
the number of days between sessions, but for each subject the time of day during which 
the experiment was conducted was held constant within a few hours. In no cases were 
subjects tested at one time early in the morning and the next time late in the afternoon. 

In the final experiment forty subjects were used. All of the subjects were students 
of the University of Chicago. ; 


Method of Scoring 

Guilford and Dallenbach (4) list twenty-seven methods of scoring tests of memory 
span. It is obvious that the choice of a method is arbitrary. The feature which 
determines whether a method is good or not is the degree to which it is capable of 
distinguishing between subjects. 

In the present study the following procedure was used. A series was scored either 
right or wrong. Every unit of a series had to be repeated by the subject verbatim 
and in the order in which it was presented in order to earn credit, Any deviation from 
the above made the series wrong. One-tenth of a point (.1) was given for a correct 
series, No credit was given for a wrong series. As an initial score, the subject was 
given the number of points corresponding to the number of units in his basal level. 
If a subject had a basal level of four in a given test, he was given an initial score of four 
points. One-tenth of a point (.1) was added to the initial score for every correct re- 
sponse thereafter, ‘The sum total of the initial score plus the credit for the correct 


responses above the basal level constituted the subject's score for that particular test. ? 


Below is given the score of Subject В, mentioned above, in the Digit Test. | 


Units per Series Number of Trials | Number Correct Score: 
4 10 10 4.0 
5 10 8 8 
6 то 6 6 
7 10 4 4 Т, 
8 10 3 3 
9 10 І ai 
10 то o о 
Total Score... aaa ss. ve enseigne TENNIS DERE apa ies 00.613, 


Scores for each subject in all thirteen tests were obtained in the same Way. — 
As stated above, series were scored either right or wrong. No credit аа 
for partially correct responses. However, in view of the fact that the subjects were m- 
structed to repeat as many units as they could in a given series even though they knew 
part of the series was wrong, it was felt that a score based on credit for partially correct 
Tesponses might yield some interesting results. Accordingly, four of the tests were 
-scored in this additional way with credit being given for partially correct respontes 
The four tests thus scored were Nonsense Syllables, Paired Associates, Memory ш 
Commissions, and Sentences. 
In the test of Nonsense Syllables each syllable contained three letters. By the 
second method of scoring the subject was given one point for each usd correctly 
repeated. In a series of two units the subject could make a maximum score of six 
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points, If one letter in such a series were missed, the subject was given a score of five 
points, if two letters were missed, four points, etc. It should be noted that not all of 
the subjects were tested on the same number of series. Some of the subjects missed 
all ten series of four-unit length and were not tested on the series of five-unit length. 
Therefore in scoring by the second method it was important that only those series be 
included in which every subject had been tested. The same precaution was followed 
in scoring the other three tests. 

In the test of Paired Associates each unit gave a maximum score of two points— 
one for the word and one for the number accompanying it. For example, if for the 
unit, ‘boy-31,’ the subject said, ‘boy-32’ or ‘тап-31, he was given only one point for 
the unit. In a two-unit series the maximum score was four points; in a three-unit 
series six points, etc. и 

In the test of Memory for Commissions each unit was given a maximum value of 
three points—one for each operation involved in the unit. For example, in the com- 
mand, “Put a comma under A,” the subject had three operations to bear in mind. 
One was the use of the correct operational symbol. The subject could have used a 
colon or a plus sign or a minus sign instead of acomma. He also had to remember the 
position of the operational symbol, since he could have placed it above, beside, or in 
the letter rather than below it. Finally, he had to remember the letter on which the 
‘operation was to be performed. He could have put the comma below B or C instead 
of below A.. He was therefore given one point for each of these correct operations, or 
а maximum of three points per unit. 

Tn the test of Sentences each unit was given a maximum value of six points—one 
point for each word in the sentence. A two-unit series gave a maximum score of 
twelve points; a three-unit series, a maximum value of eighteen points, etc. 

+ In each of these four tests the final score was the total number of points earned. 


RESULTS AND INTERPRETATION 


The data yield information on the comparative magnitude 
of the memory span for the different materials and for the two 
sensory avenues, the visual and the auditory. 

Table 1 contains the mean score for each of the seventeen 
tests, the standard deviations of the scores, and the standard 
errors of the means. 

It should be noted that the tests numbered from fourteen 
to seventeen inclusive are not comparable to the first thirteen 
in terms of actual size of span, since the first thirteen tests 
were scored in terms of units and the remaining four in terms 
of the number of parts in each unit. [ 

Differences in memory span for different kinds of material 
were reported by Calhoon (2), Lumley and Calhoon (5), 
Squire (6), Warden (1r), and others. In no case, however, 
were the conditions of the experiments similar enough to 

justify a direct comparison of actual figures representing the 
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TABLE 1 


Taste or Mean Raw Scores Амр Variasitity ror EAcH TYPE OF MATERIAL 


Standard 
Test Mean с Error of 
ean 
I. Digit&...... e a erre reet 7.98 т.112 r 
2. Nonsense Syllables (whole) 2.49 «353 Ме 
3. Consonants (visual)... 7.30 1.200 190 
4. Geometrical Designs 5.31 т.010 тбо 
Б. Colors.:.....- 2 ves 7.06 1.130 179 
6. Concrete Words (visual). . 5.76 .876 139 
7. Paired Associates (whole). 2.50 +804 127 
8. Abstract Words (visual)...... 5.24 :763 I2I 
9. Memory for Commissions (whole; 2.42 343 054 
то. Sentences (whole).............- 1.75 .320 O51 
тї. Consonants (oral).... 7.27 1.065 168, 
12. Concrete Words (oral).. 5.86 «807 .128 
13. Abstract Words (oral)... . 5.58 81r 128 
14. Nonsense Syllables (parts) 203.85 28.390 4.172 
15. Paired Associates (рагів)........ 12549 18.830 2.977 
16. Memory for Commissions (parts) 192.60 25.590 4-046 
17. Sentences (parts) 275.90 30.990 4.900. 


spans for different kinds of materials. Among the factors 
that varied from experiment to experiment were the ages of 
the subjects, the length of time of exposure of the material, 
method of presentation, method of measuring retention, _ 
method of scoring, etc. Blankenship (x), on the basis of a | 
survey of the literature, reports the order of difficulty to be 
nonsense syllables, letters, digits, and finally sentences and . 
related words. A survey of Table 1 shows that digits seem to 
be the easiest to remember, with consonants and colors next 
in order, there being little difference between consonants and . 
colors. Following are concrete words, geometrical designs, 
and abstract words. No clear differentiation should be made 
in the order of difficulty of the latter three. The differences 
between them are not great, and it is not at all unlikely that 
if the concrete words were made a little longer, or the geo- 
metrical designs a little simpler, the order would be reversed. 
The same holds true for abstract words and geometrical de- 
signs, and for abstract words and concrete words. ў 

The last group, the most difficult, are paired associates, 
nonsense syllables, memory for commissions, and simple sen- 
tences. Again, as in the previous group, no definite order of © 
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difficulty should be indicated, since slight changes in the dif- - 
ficulty of the units involved would change the order. 

It may be noted that if a nonsense syllable is considered 
as a group of three letters rather than as a single unit, the 
mean score becomes 8.47 (3 X 2.49—which is the score for 
nonsense syllables treated as a unit) as compared to 7.30 
which is the mean score of consonants. One possible explana- 
‘tion for this difference in mean scores is the fact that the 
middle letter of each nonsense syllable is a vowel. Since the 
choice of vowels is more limited than the choice of consonants, 
the chance of error is accordingly less. Likewise, multiplying 
the mean sentence score by six (which is the number of words 
per sentence) gives a mean score of 10.50 for meaningfully 
grouped words as compared to a mean score of 5.76, the score 
for concrete words presented singly. On the other hand, 
attention should be called to the fact that the ‘ifference 
between grouped letters and single letters and between 
grouped words and single words is complicated by the differ- 
ence in length of exposure time. In the case of single letters 
the total time of exposure of three letters was six seconds. In 
the case of grouped letters (nonsense syllables) the total time 
of exposure was two seconds. Also, in the case of discrete 
concrete words the total time of exposure of six words was 
twelve seconds. In the grouped series of words, i.e., in the 
‘sentences, the time of exposure for six words was two seconds. 

Finally, a comparison can be made between the two differ- 
ent sensory avenues. Table 1 shows that there is no signifi 
cant difference between consonants presented visually and 
orally, or between concrete words presented visually and 
orally, and that there is only a slight difference between ab- 
stract words presented visually and orally. 

The second question to be considered is the generality oF 
specificity of the memory span, i.¢., the constancy of the span 
of an individual in relation to the members of the group, where 
the only variable manipulated is the kind of material in the 
various tests or the sensory avenue of presentation. As will 
be shown in further consideration of the results, the question 
of the relative constancy of the span of the individual or of the 
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generality or specificity of the span is intimately tied up with 
the question of the number of separate abilities called for by 
all of the tests of the battery. 

If there is only one general memory span factor involved, 
that is, if the individual’s relative position in the group de- 
pends entirely on one ability that is called for in all of the 


tests and is not influenced by the type of material on which ` 


the span is tested, we would expect the distribution of the 
mean standard scores for all subjects to be fairly well scattered 
from high positive to high negative values. Likewise, we 
would expect any subject to have approximately the same 
standard score on all tests, with little variability in the score. 
Conversely, if the influence of a general memory span factor 
;were negligible, and the individual's position in the group is 
dependent on separate abilities called for by the different 
tests, we would expect the distribution of the mean standard 
scores for all of the subjects to cluster around zero. We would 
further expect a widely scattered group of standard scores for 
any one subject. In the limiting case where there would be 
no correlation between the different scores the standard devia- 
tion would tend to approach the limiting value of 1.00, and 
the standard error of the standard scores of the subject would 
tend to approach the limiting value of .171. (Substituting 
in the formula К 
c distribution 
2N 

where V is 17, as in this case, the limiting value would be .171.): 

An examination of Table 2 shows that a point in between 
the two suppositions mentioned above is approximated. The 
distribution of the means of the standard scores is fairly wide, 
ranging from —1.31e to +1.77¢. Further, on examination | 
of the means and sigmas for each subject, it is seen that the 
standard deviation of the standard scores range from .363 to 
.799 with an average for all forty subjects of .531, and that 
the standard error of the standard scores ranges from .050 to 
-131 with an average for all forty subjects of .ogI. 

The above results suggest the conclusion that all of the 
tests call for a common ability, thus tending to keep the posi- 
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tion of the individual constant in relation to the rest of the 
_ group, but also that certain abilities are called for in some of 
- the tests and not in others, thus tending to make the position 
of the individual fluctuate in relation to the rest of the group, 
A factorial analysis of the table of intercorrelations of the 
tests tends to bear out this conclusion. 


TABLE 2 
Tapın or Mean SrAwDARD Scones AND VARIABILITY FOR ALL SUBJECT 
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LI 
Table 3 contains the intércorrelations of all of the tests 
The intercorrelations were computed from the standard scores 
by the method of rank differences. The correlation matrix _ 
“was factored by the centroid method, giving the cen 
. matrix of Table 4. Rotational procedure was then applied 
to the centroid matrix maximizing the number of zero or near T 
zero projections on the several planes. Table 5 contains the 
transformation matrix by means of which the rotated factorial _ 
+ matrix of Table 6 was obtained from the centroid matrix. _ 
pate 7 оте ааа eter primary 
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TABLE 5 
TRANSFORMATION MATRIX 


TABLE 6 


B c D Es 
1 138 —.059 .858 272 
Ws —.030 -095 887 л 
5 247 —.083 -904 163 
1 465 —.052 754 ОТА 
H .008 79° 035 
6 229 313 824 —.064 
я 430 1068 794 989 
8 34 .284 B18 —.180 
9 1298 -594 TDS, 
10 —.038 +569 622 E 
п 071 :022 931 poa 
12 —=.041 -354 869 eit * 
13 072 :325 858 +150 
4 459 E 662 9196 
15 —.081 —.029 .881 = 17h 
16 049 = .005 567 TUIS 
17 284. «509 543 197 
TABLE 7 


Attention is called to the column in Table 4 which is called 
“2? "This column represents the communality, i.e., that part 
of the variance of the given test which is due to factors com- 
mon to other tests in the battery. The reliability of the 
tests, which is equal to, or greater than, the communality, is 
high. The variance due to specificity or to error and not 
_ accounted for in the extracted factors is correspondingly small. 
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Table 5, the rotated factorial matrix, contains five columns. 
Each column is interpreted separately. 

Column D contains no zero or near zero projections. The 
smallest projections are for Tests 9, 10, 16, and 17, which are 
the tests of Memory for Commissions and Sentences scored 
in the two different ways. But even these loadings are fairly - 
high, the lowest being .34. This column represents a general 
factor. From the nature of the battery it would seem that 
this factor is the memory span factor. 

In Column C the entries to be considered are for the fol- 
lowing tests: 


Number of Test Name of Test Factor Loading 
.. Sentences (scored for whole) +569 
. Sentences (scored for parts) «509 
. Concrete Words (oral) 4354 
. Abstract Words (oral) 325 
. Concrete Words (visual) 413 
. Memory for Commissions (whole) .298 
“Abstract Words (visual) 1284 


Allof the tests with significant entries in Column C involve 
words, The tests with the highest loadings (Sentences) cer- 
tainly involve ideas and words and relationships between 
words. It is also very possible that the subjects formed rela- 
tionships or associations even between the discrete abstract ` 
and concrete words in an effort to retain them. Accordingly, 
it is suggested that the factor involved is Thurstone’s verbal 
factor, It should be noted that the battery of tests was not 
sufficiently large or varied in nature to allow for unquestion- 
able naming or interpreting of the factors. Any suggestions, 
therefore, in regard to the nature of the factors are highly 
tentative. These hypotheses or suggestions can be subjecte 
to experimental check-up by including the tests in question 
in a battery with other tests that are known to be highly 
saturated with the factor or factors under consideration. 

In Column B the entries to be considered are for the fol- 
lowing tests: a 


Number of Test. Name of Test. Factor Loading 
Geometrical Designs 465 
. Colors 460 
.Nonsense Syllables оу 459 
7: `Раїге& Associates (whole), 430 
“Abstract Words (visual) En 


1 Sentences (parts) 
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The last one or two factor loadings are rather small, and 
hence their significance is questionable. It is evident that 
a factor of visual or spatial imagery may be involved in the 
tests of Geometrical Designs and Colors. But it is more dif- 
ficult to explain why it is present in some of the word tests 
and not in others. However, as indicated before, the nature 
‚ of the factor may be more readily determined by another ex- 

periment with more significant tests added to the battery. 
In Column A the entries to be considered are for the fol- 
lowing tests: 


Number of Test. Name of Test Factor Loading 
. Memory for Commissions (parts) 619 
.Метогу for Commissions (whole) 54 
„Sentences (parts) 310 
.Sentences (whole) .265 


One way in which the above tests differ from the others is 
that they involve rapid reading and grasping of a complete 
idea. The factor may be some sort of a speed factor—possibly 
speed of reading or speed of apprehension. But, as before, 
the interpretation is tentative and the only concrete suggestion 
-that may be made is that reading speed tests of several types 
Бе added to the present battery to test for the above men- 
tioned factor. 
The entries in Column E, the residual plane, are too small 
to be significant, and no special interpretation is necessary. 
One other point of interest in the rotated factorial matrix 
is the comparative factor loadings of the visual and oral tests. 


These data are summarized in the table below. 
М 


Factor Loading 
Test AAA a 
OA B с D 


Consonants (visual). 


—.o51 К —. s 
Consonants (oral). s i pa ЕН 
Concrete Words (visual —.056 +229 +313 .824 

. Concrete Words (oral). —.031 —.041 354 869 
Abstract Words {visual —.010 344 284 | 818 
Abstract Words (oral). O14 072 1325 858 


In general, the factor loadings do not differ significantly 
for the two methods of presentation. In only one case is the 


uU 


+ à 
EXPERIMENTAL INVESTIGATION OF MEMORY SPAN 481 


difference as high as .27. These results lean toward the view 
that the same factors are involved in auditory and visual 
memory span and to about the same degree. Itisa question,” 
however, how far we may generalize for materials other than ` 
the three reported in this study. 

On the whole, the factorial analysis has borne out the 
conclusions drawn on the basis of the earlier statistical analy- 
sis. It was suggested before that the battery had a factor 
common to all of the tests. Factors A, B, and C are common 
only to certain ones. 


SuMMARY 

Following is a summary of the conclusions drawn from the 
investigation described in the foregoing pages. 

т. The listing of the materials in terms of increasing dif- 
ficulty is as follows: Digits, Consonants and Colors (the latter 
two of about equal difficulty), Concrete Words, Geometrical 
Designs, and Abstract Words (the latter three of about equal 
difficulty), Paired Associates, Nonsense Syllables, Memory for 
Commissions, and Sentences. 

2. The position of the individual in relation to the rest of 
the group is affected by two things—the presence of an ability 
common to all of the tests, and the presence of certain abilities 
common only to special groups of tests. The effect ‘of the 
common factor is to, tend to stabilize the position of the in- 
dividual. The effect of the other several factors is to make the 
position of the individual fluctuate in relation to the other fi 
members of the group. 

3. The general factor is tentatively described as the mem- 
ory span factor. The other factors are not 50 readily recog- 
nizable as the first. The suggestion is made that one of the 
other factors may be Thurstone’s verbal factor. n 
of the other two factors it is suggested that several kinds of i 
tests of visual imagery and several kinds of tests of reading 
speed be included in a subsequent battery as 4 possible means 
of identifying the other two factors. In all cases, however, it 
should be clearly noted that the naming ог describing of the 
factors is highly tentative and is intended only as а suggestion 
of further possible experimental study. Ж; 

LJ 
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4. In the case of the three tests presented visually and 
orally the two methods of presentation seem to involve the 
same factors to the same degree. 


(Manuscript received November 10, 1939) 
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THE RELATIVE IMPORTANCE OF INTER- 
VENING ACTIVITY AND LAPSE OF 
TIME IN THE PRODUCTION 
OF FORGETTING 


BY PAUL ERNEST TWINING 
Towa State College 


HISTORICAL Intropuction* 


‘At one time Thorndike (26) wrote, “when a modifiable connection is not made 
between a situation and a response during a length of time, that connection’s strength 


is decreased.” ‘The implication is that disuse, in and of itself, produces forgetting. ~ 


This raises the question as to whether the disuse which accompanies lapse of time is 
effective in causing loss of retention. 

It was Ebbinghaus (3) who first dealt experimentally with the problem of loss of 
retention during increasingly longer lapses of time. He found that forgetting is a 


function of time, but this does not indicate whether it is mere lapse of time, or the - 
interference of larger amounts of interpolated activity occurring during progressively _ 


longer periods of time. There was no attempt to separate the factors of intervening 
activity and lapse of time. In the classical curve of retention which Ebbinghaus 
obtained and in the curves of Radossawljewitsch (21), Finkenbinder (4), and Luh (15), 
there is an empirical determination of the loss which occurred after different intervals 
of time but no possibility of determining the major factor in the production of for- 
getting. As time increased, presumably, the total amount or duration of intervening 
activity rose in proportion. "There is in these studies, however, no adequate control 


of the things which the subject or subjects did during the interim between learning | 


and recall nor of the number of units, kind, or difficulty of the intervening activity in 
which they were engaged. 

In 1924 Jenkins and Dallenbach (12) compared the rate of forgetting during sleep 
and waking. The results showed a slower rate of forgetting during sleep and a pro- 
gressively larger difference between sleep and waking with longer periods of time. 


They concluded, as a result of their study, “forgetting is not so much a matter of the ` 


decay of old impressions and associations as it is a matter of the interference, inhibition, 
or obliteration of the old by the new.”  VanOrmer's (28) study showed similar results. 

Gates (7) refers to disuse as ‘a passive state” and seems to regard it as the primary 
factor in forgetting. Woodworth (30) says, “the machinery developed in the process 


me sq? 
of learning is subject to the wasting effects of time.” He indicates that an actiis 


forgotten when its brain condition has disappeared through long disuse. This places 
the influence of disuse in the neryous system. The latter statement 18, however, 
merely an inference and is not subject to experimental test at the present time. Lash- 
ley (14) points out some evidence against one of the notions which might be suggested 
as a neurological basis of the above inference, #2, the theory of a resistance factor at 


1 The experimental work for this thesis was done under the capable supervision of 
Dr. A. G. Bills, now at the University of Cincinnati. У à i 
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the synapse. Hunter (ro), on the other hand, has recently said, “the loss of retention 
varies with the lapse of time; but, as the lapse of time increases, the quantity of inter- 
polated activity also increases. It is to this latter factor that we must look for the 
explanation of the loss.” 

Chappell (1) has said that the forgetting function is only one of a large group of 
physical phenomena, all of which follow a logarithmic form because they obey the 
physical law governing the rate of dissipation of stored energy. Learning is compared 
to the storing of energy and forgetting to its dissipation. This theory seems to suggest 
that the physical or physiological processes which accompany mere lapse of time are 
very important. 

Purdy (20) reports a case of a complete and isolated defect of immediate memory 
which was described by Stórring. This condition was caused by gas poisoning which 
had presumably produced some organic change in the brain tissue so that there was 
a loss of ability to retain any fresh impressions. Purdy suggests that forgetting is due 
to the interaction between new and old traces. 

Many experimenters, including Robinson (22), Skaggs (25), Cheng (2), Harden 
(9), McGeoch (16), and McGeoch and McDonald (19), have demonstrated that loss of 
retention varies with the degree of similarity between the kind of material in the 
original and interpolated activities, e.g., similar material is more effective than dis- 
similar in producing a loss in the originallearning. Johnson (13) found that similarity 
of meaning is a determining factor, and Waters and Peel (29) report that similarity 
in the form of the interpolated learning causes increased amounts of retroactive inhibi- 
tion. As McGeoch (19) has indicated, however, these experiments on retroactive 
inhibition do not prove that disuse, or lapse of time, is utterly ineffective. They do 
prove that interpolated activity constitutes one causative factor. 

McGeoch (18) writes, “to say that mere disuse, time unfilled for the acquisitions 
in question, will account for forgetting is, even were the correlation perfect, to enunci- 
ate a proposition too general to be meaningful. ‘Time, in and of itself, does nothing.” 
He holds that the significance of disuse is simply that it allows ‘other and more specific 
factors’ to operate, ie., ‘retroactive inhibition and altered stimulating conditions.’ 
He suggests that forgetting is an active interference by interpolated events. There is 
a need, however, for an experimental test of the hypothesis that the lapse of time is 
ineffective in producing forgetting. i 


The theories regarding the production of forgetting seem 
to fall under two heads: (1) those that emphasize some neuro- - 
logical process which necessitates only lapse of time in order 
to operate, and (2) those that suggest processes in which such 
psychological factors as kind and amount of intervening ac- 
tivity are prominent. It is, of course, impossible to set UP 
an experimental condition in which there is no intervening 
activity in a lapse of time but we can make the amount small, 
the degree of difficulty simple, and the kind dissimilar. The 
rest activity which was used in the present study is an attempt 
to approach the minimum mental activity possible in the 
waking state. As compared with the piling up of the number 
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of units of difficult interpolated mental work, similar to the 
original learning task, this rest activity has very little inter- 
fering effect. It should, therefore, give more opportunity for 
any possible processes which take place in mere lapse of time 
to show their effect on retention. 

What is the effect of increasing the amount, 7.z., the num- 
ber of units of interpolated mental work, while holding the 
time constant? A unit of interpolated work is here defined as 
ten presentations of a nonsense list, similar in kind and dif- 
ficulty to the original learned list, during which the subject 
makes his highest possible score in correct anticipations. It 
is easy to increase the number of units of interpolated activity 
by simply using additional lists. This method makes possible 
the determination of an experimental curve which shows 
the percentage of retention after successive increases in the 
number of units of interpolated activity while holding time 
constant. 

It is necessary to obtain a control curve with which to 
compare the above experimental curve. Since the lapse of 
time and the duration or amount of intervening activity do 
vary concomitantly in actual life, and since they did vary, 
without control of the latter factor, in the curves of Ebbing- 
haus, Radossawljewitsch, Finkenbinder, and Luh, it seemed 
best to have a controlled variation of both factors. This was 
accomplished by using an additional unit of time, thirty 
minutes in this case, along with each increase in the number 
of units of interpolated mental work. All subjects engaged 
in the controlled rest activity during the time when there was 
no interpolated mental work. Corresponding points of the 
two curves are alike in number of units of interpolated activity 
but different in lapse of time between learning and recall and 
relearning. 

PROBLEM 

To compare the curve of retention when time is constant 
and the number of units of interpolated mental work, similar 
to the original learning task, is varied with a control curve 
in which units of lapse of time and of intervening activity аге 
varied concomitantly. Inother words, this is an experimental 
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attempt to determine whether the loss of retention between — 
learning and recall is a function chiefly of the amount, number 
of units, of interpolated activity or of the minimum processes 
accompanying mere lapse of time. 


Apparatus and Materials,—(1) An electrically driven memory drum which pre- 
sented each of the syllables in a series two seconds and made one revolution in thirty 
seconds was used to expose the material. 

(2) Original and interpolated learning materials. One of the series of eight non- 
sense syllables was used for the original learning list with the remaining lists being 
available for interpolated material; 

(1) тед, xid, juh, yop, tev, sij, fub, gax; (2) jid, ceh, zuk, paf, gix, kez, xul, qas; 

(3) тір, дах, huc, gef, kiv, laj, vuh, yoz; (4) zeh, jul, goq, xal, keb, qif, пој, уау; 

(5) kih, mec, zas, yom, vuk, cij, nax, foq; (6) bep, vaf, yud, koj, seb, xih, juc, tov. 

(3) Final practice and ability test material. One of th» following series was used 
with each subject in the final practice session and the other two were used for the 
ability test which was given before the subjects were divided into equated groups: 

(1) cej, zir, juc, qas, veh, gik, yox, nub; (2) rix, guc, qov, xad, vej, yub, zom, } 

nah; (3) дад, gic, juh, хер, kaj, mif, zob, сех. 

(4) Rest material. A game of chance was devised by the experimenter for this 
particular purpose. It is composed of a board having four lanes of spaces along which 
four different colored blocks can be moved. There are four dice which correspond in 
color to the blocks and a glass in which to shake them. Figure 1 shows the plan of 
the board on which the blocks were moved, following each throw of the dice. 

(5) A stop watch was used for timing rest periods and score sheets for keeping 
records, 

Selection of Nonsense Material—From Glaze’s (8) three lower lists the experi- 
menter made up nine lists of eight each according to the rules which Luh (15) followed. 
‘These principles had been borrowed chiefly from Miiller. ‘These rules are as follows: 

(1) All the initial and final consonants of the same series are different. (2) No 
two of four consecutive syllables have the same vowel (five vowels are used). (3) No 
two consecutive syllables have any consonant in common. (4) No group of consecu- 
tive syllables constitutes a polysyllabic word or phrase. i 

One of the problems in planning the experiment was to decide how many syllables 
to use in each list. Since the amounts of intervening activity which could be put into 
a rather short period of time would be limited, and because of the smallness of the 
lapses of time, it was thought best to use a fairly short list so as to allow more chance 
for interference with retention, This idea is in line with Robinson’s (23) demon- 
stration that longer lists are better integrated than shorter ones, probably because they 
receive a greater amount of overlearning. 

Tt appears that the degree of integration after the original list was completely 
learned was sensitive enough to loss of retention under the conditions of this experi- 
ment. The experimenter was in doubt about this matter before obtaining the results 
since McGeoch (17) had used only eleven presentations of the original list for all sub- 
jects in one of his studies, and several others had used some constant number of presen- 
tations for their work on retroactive inhibition. It seemed best in this study, however, 
to have the original list learned so that there would be a one hundred percent starting 
point for the experimental and control curves. In this way they would be more in line 
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with the curves of retention of Ebbinghaus and others. The writer is of the opinion 
that longer lists would be less desirable for an experiment of this sort. There is also 
the possibility that very much shorter lists would be less suitable. Both of these 


START FINISH 
RED GREEN WHITE BROWN , BROWN WHITE GREEN RED 


Fic. т. Plan of board used in the rest activity. 


statements seem to be in line with the findings of Robinson and Heron (24). They 
lity to inhibition with increasing 


found a general tendency toward decreasing susceptibil y ara 
length but a striking exception in certain cases of material of shortest length, 1. 
syllables. 
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_ Selection and Training of Subjects—All subjects were junior college students of 
approximately the same age who had had or were taking the course in General Psy- 
chology. 

Preliminary training in group conditions consisted of the following procedures; 
"The experimenter printed on pieces of cardboard a series of one syllable nouns and a 
series of nonsense syllables. He stood at the front of the room and showed each card 
in turn through the given series. The subjects would write, on prepared sheets in the 
proper place, the syllable coming up next. After a given presentation of a series each 
subject pushed a book over his previous work and was ready for the next presentation. 
This preliminary practice was done in classroom groups. No account of the results 
was taken since the purpose was simply to acquaint the prospective subjects with the 
kind of material and the general procedure in the anticipation method of learning. 

After the preliminary practice in groups each of the one hundred sixty prospective 
subjects had three individual practice sessions with the apparatus and kind of learning 
conditions which were used in the present experiment, At the third sitting, after 
the final practice, two of the series under (2) in ‘apparatus and materials’ were learned 
to one perfect anticipation and the average number of trials was computed. These 
ability scores were used to throw the subjects into nine equated groups. 

Since the above ability scores were obtained after the subjects had had consider- 
able practice it was assumed that they had reached their best rate of learning, under 
these conditions, and that practice effects would not bother in the main experiment. 
‘The subjects were thrown into nine groups with fifteen in each one, in such a way as 
to make the mean and the mean deviation of the nine different distributions approxi- 
mately the same. Since it was possible to reject twenty-five of the prospective sub- 
jects this distribution of one hundred thirty-five scores into nine equated groups proved 
to be fairly easy. These nine equated groups were designated as follows: A, B, C, D, 
and E, the experimental groups, and S, T, U, and V, the groups to be used in the con- 
trol conditions, 4 

Procedure.—Technique: Subjects in the experimental groups, A, B, C, D, and E, 
learned the original list by the anticipation method to a criterion of one perfect trial. 
Thirty minutes later they were tested on anticipatory recall and the number of trials 
to relearn, For interpolated activity the subjects were given from one to five lists, 
with ten presentations each, according to the group in which they had been placed. 

Subjects in the control groups, S, T, U, and V, were given from two to five interpolated 
lists in periods of time which were increased by thirty minutes for group S and by an 
additional thirty minutes for each succeeding group. Thus, the period of time be- 
tween original learning and recall for group V was two and one-half hours. 

The period of time required for the interpolated lists always came in the middle 
of the lapse of time between the completion of the original learning and the beginning 
of recall and relearning. This was true in both the experimental and control condi- 
tions. When not working on the interpolated lists each subject, in both the experi- 
mental and control conditions, was engaged in the rest activity which was playing а 
simple game of chance with the experimenter. Careful study of the procedure will 
show that group A may be considered as belonging with the control groups or with the 
experimental groups, depending upon the point of view. One can see, from the above 
description, that the conditions for the following pairs of groups, B and S, C and Т, 
D and U, E and V, are alike in number of units of interpolated mental activity but 
different in lapse of time between original learning and recall and relearning. This is 
more easily apparent in Tables 1 and 2. 
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TABLE t | j 


CONDITIONS FOR EXPERIMENTAL GROUPS BETWEEN ORIGINAL LEARNING AND 
RrcALL AND RELEARNING* 


Group Rest Activity Interpolated Work Rest Activity 

A 123 min. 5 min. (1 list) 12} min. 

B 10 * то * (2 lists biter Co del | 
c 71-5 15 © (3 lists, тъ“ 

р eos 20 “ (4 lists) Ач 

Е 2} “ 25 “ (5 lists) 2] 4" 


* Total time between learning and recall in each of above is 30 min. 


TABLE 2 
CONDITIONS FOR CONTROL GROUPS BETWEEN ORIGINAL LEARNING AND RECALL AND * 
RELEARNING* i 
Group Rest Activity Interpolated Work Rest Activity " 

A 12} min. 5 min. (1 list) 12} min. 

S b то “ (2 lists) 2544/15 

To 37% © 5“ (3 ган) 375 

U so “ 20 * (4 lists 50 ү, 

у 624 “ 25 “ (5 lists) Dr aa 


* Total time between learning and recall was 30 minutes for group A, and was 
increased by the same amount in each of succeeding groups. 


Directions to Subjects: (1) Directions for Learning the Original List in the Ex- 
periment Proper and for the Practice Sessions. “I have a series of eight nonsense 
syllables each one of which will be exposed for two seconds. Your problem is to learn 
to anticipate by spelling each syllable just before it appears. Each syllable should be 
regarded as the stimulus for responding immediately by spelling the following syllable. 
You will gradually approach this result. There will be five blank spaces between 
successive presentations, followed by the letter ‘a’ appearing twice to give you a 
sufficient cue for beginning the series. The second time the letter appears is the 
stimulus for spelling the first syllable.” { | 

(2) Directions for Rest Activity. “Неге is a game which we are to play in order ША 
to see how chance works. We will take turns throwing these dice of four colors out 
of this glass and then move the four blocks of corresponding colors along their lanes ав. _ 
many spaces as the numbers on the dice. You move the brown and white blocks and К 
I will move the red and green ones. Let’s just relax and enjoy ourselves and our 
record, just now, along with many others will show how chance behaves under these 
conditions." 

(3) Directions for Interpolated Activity. “You are to follow the same method 
that you did in learning the first series except there will be ten presentations only. 

You should strive to make as many correct anticipations as you possibly can E 

these presentations. I will keep a record of the number you are able to make. 
` (4) Directions for Anticipation Recall and Relearning. “This series is the first | 
list which you learned. Be sure to anticipate as many as possible on the first presen- 

“tation and then continue to relearn them until you can anticipate each one correctly 
again."- i 
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Minimizing Other Variables: (1) Affective Attitude. The experimenter im- 
pressed upon the subjects the idea that the purpose of the experimental method.is not ү 
to prove something but to set up conditions so that nature will have to give an answer 
to a question, one way or the other. Either answer is of equal importance to science. 
Each subject was instructed, therefore, to be unconcerned about the results and just 
to follow all instructions to the best of his ability. During the first two individual 
sittings of the practice sessions the subjects were helped to become thoroughly accus- 
tomed to the procedure so as to minimize the effect of affective attitude. 

(2) Suggestion. Each*subject was used only once in the main experiment so 
he did not know what to expect and was unable to form some hypothesis which he” 
might attempt to test out at the next sitting. This is assuming that there was com- < 
plete cooperation in the matter of discussing the experiment with no one. After a 
subject had served in the main experiment he was told that the experimenter is inter- 
ested in observing the variations among subjects in learning and relearning nonsense 
syllables, at different intervals, and also in the way chance will behave, where many 
subjects are involved, in a game of this kind. "This seemed to satisfy the subject’s © ! 
curiosity and to help him dismiss it from mind. He was told that to be able to keep 
the conditions of the experiment entirely to himself, until it had been completed, was 
a measure of maturity. Finally, the experimenter reminded him, just before his de- 
parture, that each subject is asked if he has heard of any previous subject's experience. 

(3) Diurnal Variations in Efficiency. An example of the influence of this variable 
is Tolman's (27) study in which he compared the amount of inhibition of interpolated 
work on lists of nonsense syllables learned in the morning with similar lists which 
were learned in the afternoon and in the evening. He found that retroactive inhibi- . 
tion was greater for the afternoon and evening lists. In the present study one-third 

_of the subjects from each group was used during each of the three parts of the day, 

ñe., morning, afternoon, and evening. This was done with both the experimental and 
control groups. 
j (4) Order of Subjects from the Different Groups and Within Each Group. Sub- 
jects were used from the different groups in a thoroughly mixed manner and, in such 
a way, that at any time during the experimental period practically the same number 
of subjects had been taken from each of the nine groups. The experimental schedule 
was also set up so that there was alternation from good to poor learners, under these 
conditions, within each of the groups. 

__ (5) Interference from Rest Activity. In preliminary tests with a few subjects 
this rest activity was followed by a smaller loss in retention than resulted from reading 
ue markini g the best joke in a given series. The game was devised in order to provide 
sufficient interest so that the subject might sustain his attention to the matter at 
hand and, 2 the same time, make it possible to encourage considerable relaxation. 
Because of its simplicity and the amount of reliance on motor manipulation this game 
ec to require a minimum of mental activity. The small amount of mental activity 
involved is very different from the kind in which the subject. engaged during the original 
learning task. 

(6 Order of Using Nonsense Lists. Та the main experiment a different list, of 
the six on the memory drum, was used as the original series with each succeeding 
subject. This original list was always preceded by the same cue, however, which was 

_ the letter ‘a’ appearing twice. The letter ‘b’ appeared twice before the first inter- 
polated list, “с” before the second, etc. This was made possible by preparing six pairs 
of the little cards, to be inserted and taken out, in the two spaces on the memory drum 
which came just before the nonsense lists. If the first pair was used, the A’s were 
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above the list on the extreme left, with B's, C's, D’s, etc., across to the right. . With 
the second pair inserted the A’s were moved one place to the right, with the third pair 
they were two over, etc. This made it possible for each succeeding subject to have the 
same cues but a different arrangement of lists. In this way, also, there was always 
a period of two days or more before any subject would again have the same arrange- 
ment of lists. 

(7) Degree of Interpolated Learning for Different Groups. As already pointed 
Gut, under ‘Technique,’ each interpolated list was presented ten times. In addition 
to this, as noted under ‘directions to subjects,’ there was an attempt to induce in each 
subject a high degree of motivation to make the best record possible, in correct antici- 
pations, during the period of ten presentations. That the amount of effort in the 
different groups was quite similar can be seen by noting Table 3. The average of the 
number of correct anticipations on the different interpolated lists was determined for 
each subject, except for those in group A where there was only one interpolated list. 
The distribution of these subject averages in the different groups was then considered 
and the mean and mean deviation were determined for each group. These results are 
what is shown in Table 3. 


TABLE 3 Я * 
Decree ОР INTERPOLATED LEARNING FOR THE DIFFERENT GROUPS 
Group Mean Mean Deviation 
A. . 32.6 9.11 
B . 308 7.83 
. 30.31 8.67 
р . 28.8 787 
E . 27.04 7.53 
5. 32-33 7-39 « 
T . 31.64 7:74 
U. . 30.9 7:27 
У... 2295 | 7:52 


Note: The record of the number of correct anticipations during the ten presenta- 
tions was obtained for each subject on all of the interpolated lists used with him, Thus, 
subjects in group A had one result (1 list), those in groups B and S two results, in 
groups C and T three, etc. For all groups other than A, the average of the correct 
anticipations on the different lists was determined for each subject. These subject 
averages were thrown into their proper group distributions and the mean and mean 
deviation were then determined, as shown in the above table. 


Results —Under ‘minimizing other variables’ (7) above, 
the experimenter described the method of equating the degree 
of interpolated learning for the different groups. It appears, 
from the results shown in Table 3, that there was practical 
equality in the degree of learning of the interpolated lists, so 
this factor is ruled out as an explanation of the findings in 
this experiment. 

Did the groups which had been equated by means of the 
preliminary ability test, for learning under these conditions, 

v o* 
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remain equated on the basis of the trials required for learning 
the original list? The answer to this question is shown in 
Table 4. Since the difficulty of the nonsense lists, used in 


TABLE 4 


Comparison оғ Averace NUMBER OF TRIALS IN ORIGINAL LEARNING WITH THE 
Same IN THE PRELIMINARY ABILITY Test 


Original Learning à 


Group 
Mean Mean Deviation 
A 19.07 6.87 
B 19.67 7.11 
c 22.67 7.16 
D 20.13 6.83 
E 21.27 4.83 
5 20.6 „ 739 
АЛЕ 19.27 5.62 
U 19.27 4.21 
У 22.6 7.65 


the preliminary test, was approximately the same as that of 
the lists in the main experiment it appears that there was a 
slight practice effect shown in the original learning results. 
With the exception, however, of the mean deviation in groups 
_E, T, and U, the surprising thing is the closeness with which 
these results approximate those of the preliminary ability 
tests. 
The average number of trials required to learn the original 
list, to relearn the same list after rest and interpolated activity, ' 
"and the mean number of syllables recalled during the first 
presentation are shown in Table 5. A striking thing which 
should be noted in this table is the similarity in the mean 
number of trials for relearning in the paired groups B and S, 
C and T, D and U, and E and У. There are almost as large 
increases in the size of the means when only the number of 
interpolated lists is increased, during a constant period of 
time, as when additional units of time are also included. It 
should also be noted that the mean deviations increase along 
with the means which indicates more scatter in the distribu- 
tions of relearning trials as the number of interpolated lists 
was increased. 
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TABLE 5$. 


NuMBER or TRIALS IN ORIGINAL LEARNING, IN RELEARNING AND NUMBER OF 
SYLLABLES RECALLED 


Original Learning Relearning pube 
Group * 
Mean нен Mean 
A 19.07 6.87 14 
B 19.67 7.11 1.13 
S 20.6 7.39 8 
C 22.67 746 41 
г 19.27 5.62 Ха 
р 20.13 6.83 .27 
U 19.27 4.21 13 
Е 21.27 4.83 .07 
V 22.6 7.65 13 
ee A ee 
* The experimental groups are А, B, C, D and Е. The control groups are S, T, 


U and V. 


It would have been possible to figure an average percentage 
retention score for each group by using the means for original 
learning and relearning. This would have made it impossible; 
however, to have percentage retention distributions as shown 
in Table 6 from which to determine whether or not the differ- 
ences between the means of the paired experimental and 
control groups are significant. The writer found, also, that 
the first method, mentioned above; gave slightly different 
results than the one finally used. ў 


trials to relearn 
The formula, S-= 1 = = 
trials to learn 


on the results for each of the subjects in all nine groups. This 
gave the distributions of the percentage retention based on 
the saving score in relearning that are shown in Table 6. The 
means of the groups A, B, C, D and E determine the Experi- 
mental Percentage Retention Curve and the means of the 
groups A, S, T, U and V mark the Control Percentage Reten- 
tion Curve as shown in Fig. 2. It is apparent that they run 
progressively closer together. This figure shows one picture 
of the most important results in the present study. 


* 


X тоо, was used . 


* n 


Ӯ, 
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TABLE 6 


DISTRIBUTIONS OF THE PERCENTAGE RETENTION BASED ON THE Savinc Score IN © 
RELEARNING OF THE FirrEEN Supjects IN Елсн Group 


*M.—Mean. o—Standard Deviation. 
trials to relearn 


Formua used on each subject’s results, S = 1 — Eee em X 100. 

Since a recall score, other than zero, was absent in many 
‘of the individual subject cases, the percentage retention on this 
basis was computed from group means in number of syllables 
recalled as shown in the last column of Table 5. This average 
number of syllables recalled was divided by eight, the number 
of syllables in the original list, in order to obtain the per- 
centage retention according to the recall criterion. These 
values determine the experimental and control curves shown 
in Fig. 3. These curves show a trend, also, toward coming 
progressively closer together. 

The results of this study show that the percentage saving 
in relearning criterion was more sensitive than recall as à 
measure of retention. That is, there were many cases in 
which a considerable amount of retention was present when , 
tested by the former standard although the latter scores Were 
zero. It may be, however, that the recall criterion is equally 
valid in comparing the groups. Due to the fact that the noted 


PERCENTAGE RETENTION 
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—— EXPERIMENTAL CURVE’ (GROUPS A,B.C,D.& E) 
=—— CONTROL CURVE (GROUPS A,S,T,U,& v) 


m! 5 ‚ 
о 1 2 3 
VARIATION OF UNITS OF INTERPOLATED ACTIVITY iy ett 
CONSTANT AND CONCOMITANT VARIATION OF THE UNI 


Fic. 2. Percentage retention curve (saving score ш relearning). 
3 Ы 
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— EXPERIMENTAL. CURVE 
(GROUPS A,B,C,D,& E) 


== CONTROL CURVE 
(GROUPS A,S.T,U,& V) 


П 2 3 4 
VARIATION OF UNITS OF INTERPOLATED ACTIVITY WITH TIME 
CONSTANT AND CONCOMITANT VARIATION OF THE UNITS OF BOTH 


Fis. 3. Percentage Tetention curve (recall criterion), 
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curves of retention of Ebbinghaus and others show the per- 

i centage of retention based on the saving score in relearning 
this is the criterion which the writer aimed to emphasize in 
the present study. М 

The comparison of the pairs of groups, В and 5, C and T, 
D and U, and E and V, which were similar in number of units 
of interpolated mental work but different in lapse of time, is 
the crucial point of this experimental study. Table 7 shows 


TABLE 7 
Crimca Ratios or CORRESPONDING EXPERIMENTAL AND CONTROL GROUPS 


Group Mean с* mean DR c* Diff. Сонот Rn) 

A 1645 10493 

B .578 .0498 .082 «0675 1.21 

5 496 :0457 

С -499 .0498 .071 :0642 1.196 

ay 428 .0405 

р +347 .0831 .025 .0963 257 

U 372 .0487 Ў 

Е 331 :0686 2036 10827 435 

у 295 -0463 

too o. d 9 c I EDU E A A ae Р 


* с—5їапдага Error. 


the difference between the means, the standard error of this 
difference and the ratio of these two measures. These were 
computed from the percentage retention distributions shown 
in Table 6. It is important to note the size of these four criti- 
cal ratios for it indicates that none of the differences between A 
the pairs of means is statistically significant. The most im- . 
portant cue in the results, however, upon which to base a 

* conclusion to the present problem is the fact that the critical 
ratios become progressively smaller as the lapses of time are 
increased in the control groups. Figure 2 also indicates, in 
an easily perceptible form, that the experimental and control 
percentage retention curves run gradually closer together as 
the lapses of time become greater in the control groups. 


CoNCLUSIONS > 


The results of the present study suggest the following qu 
tative conclusions. They are applicable only, however, оше 


* 


* 
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conditions of this experiment. It must be remembered, for 
example, that the intervening mental activity was similar in 
kind and difficulty to the original learning task and also com- 
posed of different separate units. The periods of time con- 
* cerned were, also, necessarily limited in length. ч 
1. Increasing the amount, number of units of interpolated 
mental work during the same period of time, produces much 
the same percentage retention curve as is obtained when time 
is increased proportionally along with the enlarged amounts of 
intervening activity. " 
2. As the number of units of interpolated activity is in- 
creased, during the same period of time, the resulting percent- i 
age retention curve approaches more and more closely the | 
control curve in which lapses of time were larger in proportion | 
to the increased amounts of intervening mental work. | 
3. Loss in retention is a function chiefly of the amount, d 
nuniber of units, of interpolated mental work rather than of | 
| 
Ў 
7 
3 
7 


those minimum processes which accompany mere lapse of 

„time. Thus, a major factor in the production of forgetting is 
the amount, number of units, of intervening mental activity 
and the minimum processes which accompany, mere lapse of 
time are relatively ineffective. 

4. When time is constant the amount of loss in retention s 
varies directly with the amount of interpolated mental work. ( 
^ The above conclusions seem to apply to both criteria used, | 
t.e., the percentage recall and the percentage retention accord- 
ing to the saving in relearning but the application to the latter 

* is of more significance in this study. 

Y , ji 
ADDITIONAL FINDINGS , к 
1. Groups which have been carefully equated in learning i 
nonsense lists, after sufficient preliminary practice, will tend | 
to remain equated in the learning of other lists. This conclu- — 
sion is indicated by the results shown in Table 4. 7 
2. The degree of learning during a given number of presen- 
tations of interpolated lists of nonsense syllables will approxi- 
mate equality in groups already equated in nonsense learning 

ability. Results shown in Table 3 support this statement. 


Rey 
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3. The criterion of percentage saved in relearning usually 
shows considerably more retention than does the percentage 
of recall. ` \ 

4. This Control Percentage Retention Curve based on 
the saving scores is similar in shape to the famous curves | 
of Ebbinghaus and others but the characteristic form is pro- 
duced during a shorter period of time. Almost as much loss 
resulted during a period of two and one-half hours as Ebbing- 
haus obtained in two days. In the studies of Ebbinghaus, 
Radossawljewitsch, Finkenbinder and Luh there was no at- 
tempt to control the nature of the intervening activity in any 
definite manner but it was dissimilar to the original learning 
and much less difficult. In the present study, however, the 
interpolated work was of a highly retroactive sort and the 
increased units of it remained similar in kind and difficulty to 
the original learning. i 


Discussion AND INTERPRETATION 


It should be noted that similarity in kind, degree of difficulty, and intensity of 
effort are not variables in this study. Only the amount, number of units in a given. 
period of time, of the interpolated activity is varied in the experimental groups. There 
is, of course, a slight variation of the duration of the rest activity in these groups but 
the total time is short in each case. In the control groups lapse of time between 
original learning and recall and relearning is varied concomitantly with the amount of 
intervening mental work and in the same proportion. "The duration of the rest. ac- 
tivity, in these groups, varies considerably but in the opposite direction to the slight. 
variation in the experimental groups. * 

Why is it possible to conclude that the minimum processes which accompany 
mere lapse of time are relatively ineffective in the production of forgetting? It ir 
because of the relationship of the experimental and control curves of retention which 
can be noted in Fig. 2. If time were a major factor the curves should get progressively 
farther apart as the amount of time is increased in the successive control groups. The 
corresponding points of the two curves, on the contrary, get closer together. T д 
the crucial thing in the results of the present study which made possible a tentative 
answer to the experimental question being investigated. 

No one should conclude that the results of the present study prove that Ше 
minimum processes which accompany mere lapse of time have no effect on agua 
but, rather, that they are relatively ineffective as compared with the influence of e 
number of units of interpolated mental work. ; 

Why did time, Mui or duration of the rest activity, appear slightly pu 
at first but less and less effective in the relationship of the latter parts of thecae? 
A possible hypothesis would be that as the number of units of intervening activity 
which is similar in kind and difficulty to an original difficult learning task is ees up, 
between learning and recall, it becomes relatively more and more important kane 


Ae T caen H in reten- 
minimum processes which accompany mere lapse of time in producing a loss in 
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tion. This principle may be so effective in its operation that it covers up the small 
effects of increasing the amount or duration of the rest activity during longer lapses 
of time. з 

There are other possible factors in explanation of the question stated at the first 
of the preceding paragraph. It is possible that with longer rest activity periods the 
threshold to such moderate stimulation became gradually higher so that there was a 
decreased amount of mental responding or activity, and consequently, lessened inter- 
ference with retention per unit of time. Freeman (6) says that the threshold of corti- 
cal neurones varies with the level of functional activity. Ford (s) argues that the 
repeated use of similar patterned stimuli must reduce behavior to such a condition 
that specific interference is no longer present. It seems likely, therefore, that any 
activity which is thoroughly automatized calls for an absolute minimum of mental 
activity to carry it on, and that this change comes gradually as the task is repeated 


_ over and over. 


Another possible hypothesis to account for the two curves approaching each other 
is that there may be a change in the effectiveness of the interpolated activity in the 
successive control conditions. The interpolated activity may be less effective as the 
time after learning and before relearning is increased. ‘There seems to be no published 
experimental data which relates specifically to the question as it would concern the 
conditions of the present study. Robinson (23) found that it makes very little differ- 
ence when the interpolated activity is introduced but his study covered periods of time 
of only twenty minutes. Skaggs (25) concluded that a more detrimental effect is й 
produced when work is introduced immediately following original learning than after 
a rest interval but his total period of time between learning and relearning was only 


‚ ten minutes. What little evidence relates to the question is thus conflicting. Other 


studies have considered whether interpolated activity is.most effective when intro- 
duced before original learning, immediately after it or just prior to recall but these 
results are not related to the above hypothesis. 

Another possible contributing factor in the answer to this question relates to the 
relationship of bodily tonus and degree of mental activity. Jacobson (xr) found that 
a certain amount of tension is necessary before mental activity can occur and that 
decreasing the amount of bodily tonus lessens the possibility of mental activity. Itis 
possible that there was decreased bodily tonus during the increasing lengths of rest 
activity which may have been accompanied by a still further lessening of the small 
intensity of mental activity. "This latter effect would mean a gradual decrease in the 
amount of interference produced by the rest activity upon retention. It may be, 
therefore, that as a subject engaged for a longer time in the rest activity, he approached 
gradually nearer that condition which has been here referred to as the minimum 
processes accompanying mere lapse of time, 1 


(Manuscript received November 1o, 1939) 
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PROACTIVE AND RETROACTIVE EFFECTS IN 
THE RECOGNITION OF FORM 


BY B. R. PHILIP 
Fordham University 


Numerous studies on retroactive inhibition have furnished: 
_ us with detailed information on this phenomenon as it affects 
the reproduction of verbal material. Non-verbal material 
has not been studied as adequately, nor has retroactive inhi- 
bition been demonstrated as clearly in the case of recognition, 
probably due to the more effective reproduction in recogni- 
tion. Proactive inhibition has been demonstrated so rarely 
that further studies on this phenomenon are required. 

Foucault (2) makes a very clear distinction between what 
he calls ‘inhibition externe’ and ‘inhibition interne. In the 
first case rest or another task is interpolated between learning - 
and recall; the second type is more concerned with inter-serial E: 

. inhibitory effects during learning of the one task. In both 
types of inhibition he recognizes the presence of ‘inhibition 
regressive’ and “inhibition progressive,’ retroactive and pro- . 
active inhibition, according as the inhibitory material follows 
or precedes the material to be learned. He demonstrates the 
presence of all inhibition types for verbal material. 

Gibson and Raffel (3) offer an interesting technique for 
the investigation of retroactive inhibitory effects in immediate 
reproduction of figures. The present study concerns. itself 
with inhibitory effects (‘inhibition interne’) on the recognition 
of form, and uses a technique similar in many respects to that 

,of Gibson and Raffel though it was developed independently 
of theirs. Throughout the paper the term inhibition is used 
in the broad sense of Foucault. It will be shown that while 
other factors, notably anticipation and similarity, do influence 
the recognition, there is a residual effect which is inhibitory 
in the more precise meaning of the term. 
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SUBJECTS 


A preliminary experiment using 26 adults was devised to standardize procedure, 
time of presentation and difficulty of material. The experiment proper, upon which 
the data and conclusions of this paper are based, had as subjects 47 college students, 
29 women and 18 men. 


MATERIAL 


The figure patterns to be compared were drawn on 24 cards of white cardboard, 
7 by 11 inches. On each card was a sequence of straight and curved lines forming a 
six element pattern in black outline. These cards were arranged in 72 series of 4 cards 


"each, providing for 288 card exposures. In each series one card of the first three was 


identical with the fourth card, or standard, one card was similar to the standard and 
one card was dissimilar to it, By similarity of card is meant some minor change in 
one, two or three of the elements, such as substitution of straight line for curved line, 
or slight variation of the angle at which the lines lay. Dissimilar cards were markedly 


‘different from the standard, not only in the places of occurrence of the straight and 


curved lines, but chiefly in the sequence of the pattern. Objectively stated, similar 
cards had the same general sequence as the standard, and not more than three minor 
changes in the elements; dissimilar cards had a decided difference in sequence from the 
standard, and changes in at least four of the elements. Calling the card similar to the 
standard, S; the dissimilar card, D; and the correct or identical card, C, the following 
permutations of presentation of the first three cards are possible: SCD, CSD, DSC, 
DCS, CSD and SCD. The fourth card or standard is merely a duplicate of the card 


to be identified with it, and is not given an identifying letter. The six possible types 
up in random order in the total presen- 


or arrangements of cards in a series were mixed 
ber being devoted to each. Examples 


tation of 72 series, approximately the same num! 
of the various types of series are given in Fig. 1. 


PROCEDURE 


Preliminary experimentation had established that group presentation of large 


figures was about as effective as individual tachistoscopic presentation of smaller 
figures, since the two methods yielded a correlation of 0.87. Before the experiment 
proper the following instructions were given orally to the group. ' а 

“You are going to be shown a series of four cards, on each of which a pattern 18 
drawn. You are to compare the first three cards with the fourth or standard. A card 
identical to the standard will appear in either the first, second or third positions in the 
series. Immediately after the removal of the last card of the series, mark down in the 
correct place on the scoring sheet given you, the number 1, 2 or 3, according to the 
position in which the identical card appears." 

Two sample trials were then given to familiarize subjects with the procedure ang 
the material used. Though no precaution was taken against copying, there was no 
evidence of it, and no difficulty was experienced in having subjects follow Jara 
as subjects were all accustomed to carrying out psychological experiments, 4 ` 

At the conclusion of the experiment each subject was instructed to indicate on 
the reverse side of the sheet the method used in attempting to identify the correct card, 
classified according to the following list: * 


* 
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(1) Number and position of the curved lines in the patterns. 

(2) Vocalization. 

(3) Motor procedures. 

(4) Imagery. 

(5) Any other specified method. * 

Each card of the series was exposed for five seconds; there was the briefest possible 

delay between exposures, and just time enough between series to record. E 
menters verified the fact that all subjects had completed their recording before te 
presentation of the next series, and a warning signal of ‘Ready’ was given before 


J H $ © i ег 
start of every series. According as a series was about to appear, its numerical ord 
was called out to facilitate correct recording. 


RzsurTs 


Scoring presented no-difficulty; the number of errors id 
by each subject on the 72 presentations was computed, ап 
from this number ће percentage of accuracy was determined. 
The average percentage score for 47 subjects was 87.2, which is 


. 


D 


Ч 
$ 
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far too high to show the best effect of inhibition. However по 
correction was made for possibility of guessing; had this correc- 
tion been applied it would naturally have decreased the score. 
Learning was rapid at first, as may be seen from Table I, 
which gives the total errors per group of 6series. Since errors 
TABLE I 
LEARNING, AS INDICATED BY THE TOTAL NUMBER or Errors PER GROUP OF 
Six Serres (N = 47) 


Group т 2 з 4 5 6 7 8 9 10 ІІ 12 
тога... sees sie 89 41 43 42 48 27 39 22 28 18 22 20 


were relatively frequent at thé beginning of the learning series, 
obviously not sufficient pre-experimental practice was given. 
However when the scores of the first group of six series, from ` 
which point learning was fairly constant, were discarded, the ` 
general effects hereafter described were in no way altered; 
hence the entire 72 series was kept. 

Despite the length of the experiment, and the references i 
to fatigue made in the introspective reports, there was no 
marked diminution of efficiency towards the end of the task. 
In general the task was easy and initial learning was rapid, 
after which it was fairly constant. The reliability of the task 
as determined by the split-half method was 0.81 + 0.03, which 
is probably a minimum figure as no care was taken to arrange 
the series in counterbalanced order to compensate for the 
varying difficulty of the six combination types. 

Table II lists the frequency of choice of each type of figure, . 
C, $ or D, according to serial position. The six possible com- 
binations permit figure types to occupy each serial position 
twice. When the frequencies of choice of each of these two 
possible positions are totalled the following facts are evident: 


(a) Figure type C is chosen least frequently in position I; 


k 


d: 


the frequencies of choice of C in positions I and ПІ are а 


equal. y 
(b) Figure type S is chosen least frequently in position I; the 
frequencies of choice of S in positions II and III are 
equal. as 
(c) Figure type D is chosen least frequently in position Ill; 
the frequencies of choice of D in positions I and П are 
equal. 
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К TABLE II 
Percent Cuorces Ассокріхс то Position (N = 47) 


Choice of Correct Figure, C 


I II ш 
CSD 88.87 
CDS 85.32 
SCD 90.06 
DCS 81.67 
SDC 89.34 
DSC ы 85.32 
Average 87.10 85.87 87.33 
Choice of Similar Figure, S 
I п ш 
SCD 7.98 
SDC 6.72 
CSD .49 
рѕс zp 
CDS 7.24 
DCS 11.96 
ш Ауегаре 735 9.68 9.60 
Choice of Different Figure, D 


From (a) recognition of C obviously does not suffer a pro- 
gressive deterioration according to the interpolation of in- 
creasing number of incorrect figures. The slightly inferior 
recognition of C in the middle position implies that retro- 
active inhibition is not alone operating, but that proactive 
inhibition also obtains; also that the effect of proactive an 
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retroactive inhibition is here approximately equal, for the. 
recognition of C is equally good in positions Гапа III! From 
(c) we infer that the proactive effect of D is greater than its 
retroactive effect and is equally inhibitive to recognition in 
positions I and II, where the frequency of choice of D is 
the same. 

A tentative explanation for the variation in scores owing 
to the proactive and retroactive inhibitory effects on different 
types is here advanced, based on the following assumptions: 

The presence of other figures in a series tends to inhibit 
the recognition of a determined figure. The inhibitory effect - 
is called proactive when the disturbing figures precede the 
determined figure, and retroactive when they follow it. 

The optimal position for any figure is that position in the y 
series where its inhibitory effect, proactive and retroactive, on“ 
the recognition of Cis ata minimum. The optimal positions 
are I and III for C, I for S, and III for D. 

There is an additional inhibitory effect according as the 
figures are moved from these optimal positions. Let this ad- 
ditional inhibitory effect for C be x; for S be y, and for D be z. 

Table III lists all possible combinations of the types of 


TABLE Ш 
Orper or Dirricutty or COMBINATION TYPE 


А ‘Additional Inhibitory Effect Percentage of 
Type Position |————————À—————— | Bruns 
1 n ш 
суди ды 
SCD eet ES = x — 90.06 
CSD... 5 E 88.87 
SDC... — 4 = 89.34 " 
CDS... M 2 y 41748542 tae i 
DSC.. z y ir 8531 
DOW VEEN ae x y 8167 I 


1 Using three forms Gibson and Raffel (4) find the reproduction scores at the end 
of four seconds to be 4.0, 3.4 and 4.1 for the first, second and third positions фу 
tively; and the respective scores at the end of eight seconds are 3.8, 3.6 and 39. The 
reproduction scores after twelve seconds do not show a minimum in the second VT 
and an equality of the first and third positions. Foucault (2) likewise in his principa 
experiment finds scores of 98, 96 and 98 in the first, second and third positions re- 
spectively. 
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presentation, gives the additional inhibitory effect when the 
figure types are shifted from their optimal positions, and tabu- 
lates the average percent of correct responses per series for 
each combination type. The additional inhibitory effect is 
arrived at by a procedure which is best understood from ex- 
amples. Thus in the combination CSD, figure types C and 
. D are in their optimal positions, and 5 alone is displaced from 
its optimal position; hence y is the additional inhibitory effect. 
In the combination DSC, figure type C alone occurs in its 
'optimal position; hence the additional inhibitory effect is 
“yz. Since the combination SCD yields the highest recog- 
nition we infer that the inhibitive effect due to displacing C 
from its optimal positions to position II is least. Since com- 
+ bination types CSD and SDC yield equal recognition scores, 
‘we infer that y and x the inhibiting effects (proactive and 
retroactive) of shifting S and C from their optimal positions, 
are equal. The equality of CDS and DSC, and the position 
of DCS last on the list, fit in with this analysis of an equal 
inhibitory effect у + z for CDS and DSC, and a maximum 
inhibitory effect x + y +z for DCS. This explanation ade- 
quately accounts for the relative effectiveness of the various 
| combination types for recognition, and in particular for the 
same scores made by the combination types CSD and SDC— 
and CDS and DSC. j 
The effects, x, y and z, are in general slight, being approxi- 
mately of the order of 4 percent. However the conclusions 
- found are probably reliable, fot a tabulation similar to Table I 
for male and female subjects yielded exactly the same results. 
That tabulation is not presented here. Table IV, which pre- 


TABLE IV 


VARIABILITY OF THE RECOGNITION SCORES 


cues "Dist. 7M 
42.33 2.60 0.75 * 
41.77 3.16 0.87 
41.99 430 1.19 
40.10 4.96 1.57. 


40.09 5.06 1.52 
38.38 5.57 1.54 
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sents data on the variability of the scores made on each com- 
bination type, shows that in spite of the small number of 
examples of each (not more than 13) the тм is relatively 
low. Asa consequence of the small population, the inhibitory 
effects found are not statistically reliable, except for the largest 
difference found (SCD and DCS), the critical ratio for 
which is 3.80. 
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Discussion ; 
The varying difficulty of the six combination types was 


not altogether unexpected, for several clues to the mental - 


processes involved were gathered from a study of the state- 


ments made by subjects in regard to their method of recog- - 


nizing the data. Thus a subject could work either from the 
beginning of a series of four figures, attempting to fixate all 
the figures, but probably stressing the first; or, on the other 
hand, he might quasi-passively survey the first three figures 
of the series, and then attempt to go back and recall which 
was the correct reproduction. 

Should he work from the beginning, mental set or antici- 
pation was a strong factor, occurring particularly in the case 
of the figure first presented. Subject definitely selected the 
first figure as a basis of comparison; if it happened to be the 


correct one then all was well and he was confident of his ` 


choice; if not, he tended to become confused and had hurriedly 
to revise his choice, attempting to decide which of the other 
two was correct. Most subjects learned to distrust this an- 
ticipation and changed their procedure to work from the end. 


On the other hand, should he work from the end, a direct — 
ith the standard, 4 


comparison, particularly of the third figure wi d 
was the usual procedure. If the third figure, C, were correct, 
or if it were the different one, D, generally the task was very 
easy and no hesitation was felt. “ 
The similarity and dissimilarity of the cards was both a 
hindrance and a help. Тһе inhibitory effect was evidently 
enhanced by the similarity of the cards, but, on the other hand, 
definite cues were afforded by this factor to the correct recog- 
nition. Subjects were not told that one of the cards would 


» 


wt 


бо — B. R. PHILIP - 


be similar, and the other dissimilar, to the standard, but they 
soon learnt to make good use of figure resemblances. Thus if 
two similar cards came at the beginning, one was sure to be 
right and subjects could afford to disregard the third card, 
concentrating merely on the standard. As a result very few 
mistakes were made on SCD and CSD. 

Subjects who worked from the beginning tended to antici- 
pate the standard, and since C occurred at the beginning only 
once on three times, more often they were wrong and had 
rapidly to revise their selection. Subjects who worked from 
the end generally looked closely for similarities so as to narrow 


_ the field of choice from three to two figures. As a conse- 


* 


quence this method was easier and surer than working from 
the beginning. 

Tn the construction of the figures use was made of straight 
and curved lines; 7 figures had one curve, 13 figures had two 
curves, 2 figures had three curves and 2 figures, four curves. 
Moreover the curve elements could appear at any of the six 
possible positions in the figure. Most subjects counted the 
number of the curves and attempted to memorize their loca- 
tion, a form of verbalization that possibly accounted in part 
for the high scores made, and tended to facilitate the detection 
of dissimilarities. As a consequence, learning was rapid. 

Guessing, particularly when subject became confused, was 
of course present. Owing however to the high average score 
(87%) and to the confidence with which most choices were 
made, the usual correction for guessing in multiple choice 
questions was not used. In this paper we are more concerned 
with the presence of inhibitory effects than the accurate deter- 
mination of scores. Naturally inhibitory effects would remain 
no matter how the scoring level was affected. 

Of course, as has been pointed out, in addition to the 
factors of anticipation and similarity, proactive and retro- 
active inhibition due to serial position were also present. The” 
recognition was influenced and the memory traces Were dis- 
torted by the preceding and succeeding figures in a series. 

On the basis of the foregoing we will attempt to analyze 
the relative difficulty of the various combination types- 
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SCD амр CSD 


If subject worked from the end, D in both combination 
types was immediately perceived to be different from the 
standard; the choice then had only to be made between the 
first two figures. If subject worked from the beginning, he 
perceived a similarity between the first two figures as they 
were presented and by this method also need only concern 
himself with them, to the exclusion of the third figure D. 
Type SCD involved the proactive effect of S and but a slight 
‘retroactive effect of D. An almost immediate comparison 
could be made between the second figure C and the standard, 
vitiated however in some cases by a tendency falsely to antici- 
pate S, the first figure. As a consequence this combination 
type was the easiest of all. Type CSD had the retroactive 
effect of S and D. Anticipation in this case was a definite 
help, though as the test progressed it was used by fewer sub- 
jects. This combination type was one of the easiest. 


SDC ax» DSC | 

If subject worked from the end an immediate comparison 
could be made between C and the standard, influenced in both 
cases by the proactive effects of S and D. This proactive 
effect was greater when D was first since both figure types 
were then displaced from their optimal positions; hence SDC- 
was easier than DSC. If subject worked from the beginning 
he noted the dissimilarity between the first two figures S and 


D, so that when C appeared he realized his choice lay between i 
S and C, and consequently he was able to compare C with the _ 


following standard. 
CDS anp DCS i 

Working from the end, subject had to wait till the third 
figure appeared till he saw that owing to the similarity of C 
and S his choice lay between them. Comparison with the 
standard was difficult as it was remote, particularly for D 
hence retroactive inhibition was strong. The combined pro-. 
active and retroactive inhibition was also strong for DCS; 
in fact each figure was in the most unfavorable position, and 
hence this order of presentation was the hardest of all. 


4 
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* Working from the beginning detection of similarities was 
delayed for both combination types. However if subject an- 
ticipated he would be correct in his choice of C, and confused 
and in error by his choice of D. For him also, therefore, type 

` DCS was hardest of all. 


CONCLUSION 


Despite the inability of early experimenters (5, 12) to find 
traces of inhibition when learning is tested by the recognition 
method, inhibitory effects in recognition have been found bý 
Gibson (4), Lund (8), Gibson and Raffel (3), McKinney (11) 
and Zangwill (14) and their finding is here confirmed. The 4 
explanation advanced by Lund that experimenters who failed 
to detect inhibitory effects were working too far above the 
threshold or even within the recognition span, seems adequate, 
in some cases at least. 

In addition to this general finding evidence is seen also in 
this experiment for the presence of conditions that determine 
the degree of inhibition to be found in recognition. Briefly 
some of these conditions are as follows: 

The presence of a definite mental set or anticipation of 
retroactive influences tends to diminish inhibition. Cf. Lester 
(6) and Lumley (7). 


This study does not confirm the finding of McKinney (11) — 


that similar forms are more inhibitive than dissimilar forms. 
But serial position of similar forms is not an important factor 
for shorter lists, as McGeoch and Sisson (10) found when 
_ working with synonyms. 
The complex of inhibitory influences which we may, sup- 
` pose to be at work among the items of a series of impressions 
is different in its total effect when the series bears the character 
of group membership. This finding of Gibson and Raffel (3) 
was also evident in the present experiment possibly on account 
of the close similarity of experimental conditions; the forms 
had to be designated for reproduction by serial position, in 
‘their case by E, and in ours, by S. 
Proactive inhibition may have effects as important as 
those of retroactive inhibition, as was found by Crafts (т), 


v 
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Foucault (2), Gibson and Raffel (3), Gibson (4), Melton (9) 
and Whitely (13). In the present experiment recognition 
seems to be affected to a strong degree by two other factors, 
peculiar to this experiment. A tendency to anticipation, 
which was pronounced for the first few series, was often the 
source of errors. Similarity of figure had the effect in some 
cases of limiting the choice between two positions, instead of 
three, when the dissimilar figure was seen. The presence of 
the dissimilar figure in such cases was more helpful than in- 
hibitive. When due allowance is made for these factors, 
which are not ordinarily included under the heading of inhibi- 
tion, there is definite evidence of the presence of proactive 
and retroactive inhibition, the meagreness of which is partly 
accountable for by the ease of the task. E 


(Manuscript received November 22, 1939) 
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THE NEURAL TERMINATIONS RESPONDING TO 
STIMULATION OF PRESSURE 
AND VIBRATION 


BY GEORG BEKESY 
Budapest 


Many years ago, Blix (т) discovered that the sensitivity 
for pressure was not uniform throughout the surface of the 
skin. Such sensitivity was found to be particularly concen- 
trated near the roots of the hairs. In order to further investi- 
gate this problem, von Frey (9) invented the hair esthesiom- 
eter which is based upon the principle that there will be no 

! further increase of pressure once the bending point of the hair 
has been reached. The adjustment of a series of hair esthesi- 
ometers with the hairs varying in thickness and in length 
makes experimentation in this field rather easy. It has been 

found necessary to adjust the hair with the greatest accuracy 
for, in this case, as shown in Fig. 1, the pressure will be rela- 
tively independent of the bending of the hair, while in the case 
of an already bent hair, the pressure will be partly dependent 
on the over-bending of the hair and hence becomes constant 
only in the case of great flexion. 

If one end of the hair, as shown in Fig. 1, is strongly 
fixed while the other one is free and if r signifies the radius, 
l the length and Е the mode of elasticity of the hair, we can _ 
develop the following equation for the limit of stiffness with- 
out bending: 

т°Ёт* 

uam 

By changing the length of / one can thus change the maxi- ' 

mal pressure in a way that is easily measured. For our rela- 

tive measurements of pressure, therefore, we have used only 

one hair for stimulation. This is fastened in a small holder 

and the free length of the hair is measured after the determi- 

nation of the threshold of the stimulus. As subsequent meas- 
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$ 
urements, carried out by means of small spring scales, have 
shown that it was always possible to find uniform hairs (ob- 
tained from violin bows) this enabled us to calculate the 
changes in the maximal pressure from the changes in length. 

In order to examine the sensations of vibration in a small 
spot on the skin, the following apparatus was devised. A 
strong hair of about 1 cm in length was fastened on the vibrat- 
ing part of a Creed-type electromagnetic loud-speaker system, 
care being taken, as far as possible, that the hair should 
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Fic. 1. Reproduction of known maximal pressure by means of the limit of stiffness 
of the bending of a hair. ( 


« 
vibrate only in its longitudinal axis. From the intensity of 
the current going through the loud-speaker system, We could 
determine the vibration amplitude of the hair and could 
arrange to have this amplitude of vibration in the neighbor- 
hood the threshold for stimulation. SUN 
von Frey (8) has shown, by means of a hair stimulus . 
attached to a tuning fork, that sensations of vibration may be 
aroused by stimulation only in certain spots of the skin. | Не 
has further shown that the pressure spots and those sensitive 
to vibration stimulation coincide and that they are found 
near the root of the hair. Hence it seemed to be proved, in 
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spite of the diverse character of the sensations of préssure 
and of vibration, that they resulted from excitation from the 
same nervous mechanism. 

Tf this hypothesis is correct, it follows that the relation 
between sensitivity for pressure and for vibration must be 
constant on all the places of the skin surface. It was possible 
to prove the validity of this statement to a certain degree (2) 
the difference of sensitivity between the finger-tip and the 
forearm being the same in the case of both modalities. But 
this parallelism of the two kinds of sensation could not be 
proved for the pressure points (4). It is easy to find points 
on the forearm particularly on the outer surface which, though 
of constant sensitivity for pressure, differed more than seven 
times in amount for vibratory sensitivity. For example, we 
have often succeeded in regulating the amplitude of vibration 
of the hair stimulus in such a way that the sensation of pres- 
-sure becomes completely masked by the sensation of vibration, 
while only 0.5 mm away from this point of stimulation, no 
sensation of vibration is felt at all but only the pressure sensa- 
tion caused by the initial pressure of the hair stimulus. If 
one succeeds in finding the correct point on the skin for vibra- 
tion, the sensation of vibration becomes often so strong that 
it seems as if the whole finger would begin to vibrate. It is 
also remarkable to note, in this case, that the entire sensation 
ceases when the hair stimulus is displaced as small a distance 
as some tenths of a millimeter. 

„These observations would seem to indicate that there are 
Separate nerve terminals for the sensations of pressure and of 
vibration. This assertion is also supported by the fact that 
the smallest distance at which two tactile influences can be 
segregated from each other in space, is considerably smaller 
than the two-point limen for vibration. If we set the two 
points of compasses with such a separation that two effects 
of pressure are clearly perceived, we then receive from the 
compass points, vibrating at the rate of about 200 vs., but à 
single sensation of vibration localized in the middle between 
the two tactile points. Different observers have succeeded 

in proving that, on the outer surface of the forearm, the points 
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for pressure and vibration do not coincide in space, but that 
the point for vibration is a little more distant from the ‘place 
of entrance of the hair into the skin, the point for pressure. 
Both points lay, however, exactly above the position of the 
root of the hair in the lower layers of the skin. Most of the 
observers were able to differentiate the two points of sensation 
in those cases of strongly grown hair. This observation is 
the more easily ascertained the more flatly the hair penetrates 
into the skin. Figure 2 shows how the threshold of stimulus 


10 05 Отт 
Fic, 2. Segregation in special localization of the sensations of pressure and vibration 
on the surface of the skin. 
changes near the root of the hair, for both sensations of pres- 
sure and of vibration, as one proceeds lengthwise over the 
surface of the skin in the direction of the root of the hair. 
The ordinates show the relative increase or decrease of the 
threshold in percent. From these measurements one can 
easily draw the conclusion that the nerve terminations for the 
sensations of pressure are to be found directly under the 
sebaceous gland and that for the sensation of vibration 18: _ 
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found near the hair papilla. The fact that there are also two 
separate nerve terminals for the two diverse modalities of 
sensation can also be proved by the following observation. 
Several observers succeeded, in many cases, to injure the hair 
by tearing in such a way that the sensation of pressure re- 
mained unchanged while, along with injury to the hair papilla, 
the sensation for vibration was lost. In the bottom part of 
Fig. 2 is illustrated the curve for the threshold of vibration 
under normal conditions while the curve with the broken line 
illustrates the threshold relations after the tearing out of the. 
hair. It can be clearly seen that the maximum, formerly on 


Fic. 3. Nerve fibres on the neck of the hair and on the termination of the hair follicle 


the place of the hair papilla has disappeared and that now 
the vibration sensitivity increases on both sides, attaining at 
the adjoining hairs once more a maximum. 

It is easy to find illustrations showing the nerves respond- 
ing to pressure stimulation (3). They surround circularly 
the whole hair follicle immediately under the sebaceous gland. 
The nerve terminals, which are to be found in the papilla; 
are mentioned in different places (5), yet it was possible to 
find but two illustrations of them (6, 7). 'This circumstance 
is due to the fact that these nerve fibres can be stained only 

‘with difficulty. In Fig. 3 will be found illustrations of the 
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two types of nerve fibres of the hair as illustrated by Retzius 
(6). On the left side one can clearly see the circular spreading 
out of the nerve fibres around the hair follicle, while on the 
right side are shown the fibres penetrating into the hair papilla. 
Both figures represent the nerve fibres, but up to the present f 
time it has been impossible to stain the real terminal end 
organs. 
SUMMARY 


By means of measurement of great precision for punctiform 
stimulation of the surface of the skin, it has been possible to 
localize separately the sensations of pressure and of vibration. 
The sensation of vibration arises from stimulation of nerve 

„endings in the hair papilla and the sensation of pressure arises 
from stimulation of nerve endings near the sebaceous gland 
and, on the surface of the skin, about 0.5 mm distant from the 
point sensitive to pressure. 


(Manuscript received November 6, 1939) 
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STUDIES OF ABNORMAL BEHAVIOR IN THE RAT. 
III. THE DEVELOPMENT OF BEHAVIOR 
FIXATIONS THROUGH FRUSTRATION * 


BY NORMAN R. F. MAIER, NATHAN M. GLASER AND JAMES B. KLEE 
University of Michigan 


INTRODUCTION 


Many investigators have observed that the pre-solution 
period of a discrimination problem is often accompanied by 
persistent position habits (¢.g., see Spence, 15). Recently 
Maier and Glaser (10) and Maier (12) have pointed out that a 
discrimination problem if made insoluble results in position 
habits which are so strong that they can be abolished only 
with great difficulty. Since a problem which cannot be solved 
results in continued frustration, it is of importance to examine 
these position habits to determine whether they are the prod- 
uct of ordinary mechanisms involved in learning or whether 
they are an expression of mechanisms related to abnormalities 
in behavior. We speak of fixation in learning, meaning that 
habits have been well established, and we speak of fixations in 
abnormal psychology and mean that nón-adaptive forms of 


behavior have become persistent parts of behavior. In the. 
one sense fixation is a term used in normal psychology; in the _ 


other it refers to something abnormal. 
It is the purpose of the present study to compare the 
strength of the same response when produced under the 
* This study was supported by grants to the senior author from The Horace H. 
Rackham School of Graduate Studies of the University of Michigan and from the John 
and Mary R. Markle Foundation of New York City. The authors wish to express to 
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ordinary conditions of learning and when produced under 
conditions of frustration and see whether the resulting fixa- 
tions are of the same order. 


METHODS 


The Lashley jumping apparatus was used for establishing the position habits. 
The essential feature of the technique is to require the animal to leap from a jumping 
stand at cards placed in the two windows cut in an upright screen. "These cards may 
be latched or unlatched. If the unlatched card is struck it falls over and the animal 
gains access to food placed on a platform behind the window, but if the latched card is 
struck the animal receives a bump оп the nose and falls into а net below. The distance 
between the jumping stand and the card was 9 inches in these experiments. 


Preliminary Training 
To induce animals to jump at the cards in this apparatus requires some preliminary 
training. The procedure used in these experiments was adapted to suit the purposes of 
the experiments. 
` After having been fed on the food platform of the apparatus for the three preceding 
days, the first stage of training was to place the jumping stand close to the open windows 
of the apparatus so that the animal could walk across. Gradually the stand was moved 
back until the animal was required to leap across the gap. The number of trials re- 
quired to cause the rat to make the leap varied from animal to animal, but in general 


_ from 2 to 3 days of 1o trials per day were adequate to accomplish this. Guidance with 


the hand was used to cause the animals to jump through both windows. 

The second stage consisted of Placing cards (15 cm. sq.) in the windows. One card 
contained a black circle (8 cm. in diameter) on a white background, the other a white 
circle (of the same size) on a black background, These were changed from side to side 
in an irregular order. During the first trials the cards were so placed as to cover only 
part of the window and gradually more and more of the card was exposed. Since both 
cards were unlatched the cards teadily fell over whenever struck by the rat. Soon the 
window could be covered completely by the card and the rat responded by leaping at 
the card. To prevent the animal from jumping consistently to one side or to one of the 
cards manual guidance was introduced whenever the animal began to express a prefer- 
ence for one side or one card. This guidance consisted of pushing the rat away from 
the preferred window or card as Soon as it prepared to jump and was continued until 
each rat readily reacted by jumping at the cards, which now completely covered the 
windows. In general 2 or 3 days of training were adequate to accomplish this. Ina 


» few cases the first stage was repeated if guidance failed to overcome position habits. 


During the third stage the procedure consisted of guiding the animal’s choices so 
that an equal number of responses was made to each card and to each position. The 
choice was thus determined by the experimenter. This procedure was continued for 
4 days and to trials were given daily. In this stage all animals received identical 
treatment, ; " 

With the preliminary training completed the rats were divided into 3 groups and 
each was given special training in the establishment of a position habit. This specia ` 
training was continued until 98 percent of the last 160 trials were responses to position. 
"Thus the training extended over a period of 8 days or more and 20 trials were given рег 
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day. Preliminary experimentation demonstrated that approximately 160 repetitions 
ofthe position habit were adequate for producing group differences. 

With the introduction of special training, air led by a tube to the jumping stand 
was used to induce the animals to jump. The air was applied according to the following 
schedule: (1) no air for 30 seconds, (2) mild air blast for 30 seconds, (3) medium air 
blast for 30 seconds, and (4) full air pressure (1o to 14 pounds) for the remainder of the 
period of resistance. (The intensity of the air was controlled by marked positions on 
the valve.) As soon as the animal made a choice the air was turned off and the rat's 
resistance was rated according to the amount of air required to induce a response. 


Special Training f 
Group I. Position Habit—Preferred Side —The rats in this group, after choosing 
either the right or left card on their first free choice after the above preliminary training, 
were forced to continue to respond to the same side. This was done by latching the 
window on the side opposite to that chosen on the animal’s first jump (¢.g., if an animal 
jumped through the right window on its first jump to a card the left window was there- 
after latched). Thus a jump to the other side became associated with striking a card 


fixed in position with the resulting bump on the nose and fall to the net below. The 


cards were changed from side to side in an irregular sequence so that position rather 
than the character of the card became associated with success. 

Group II. Position Habit—Reversed Preference.—This group of rats was treated in 
a manner similar to Group I except that both windows were latched on the first jump — 
and the side to which the rat jumped became the latched side thereafter. If the first 
jump is considered to be an expression of a natural preference the rats in this group were 
required to form a position habit which was opposed to their natural preferences, 
whereas the rats in Group I formed position habits which coincided with their natural 
preferences. In both groups a consistent response to position was rewarded 100 
percent of the time. 

Group III. No-solution Problem —In this group the experimenter locked one of . 
the windows at the outset. "Thereafter either the right or left window was latched in a 
random order, As above, the cards were changed from side to side in an irregular 
sequence. In each series of trials the two sides and the two cards were latched and 
unlatched an equal number of times. This group was thus rewarded on half its trials 
and punished on the other half no matter on what basis the choices were made. This 
situation readily resulted in the appearance of position habits in 11 out of 13 animals. 
The two others reacted on the basis of the characteristics of the card and were excluded 
to make possible comparisons with Groups I and п. 


Tests on the Persistence of the Position Habit ШУ: 
Since each of the groups developed position habits the 

following tests were designed to measure the strength of the 
habit in each of the groups. 
the special training all rats were. 
with the black circle on the white 
background was made the positive stimulus and a response to it 9 
on the right or left side, whereas the card with the white circle on the bl ШШ 
жаз made negative and a response to it always led to punishment. Under giants 
conditions of learning the average rat in our colony requires 88 trials before making 
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30 consecutive errorless jumps. To allow ample time for learning the three groups of 
Tats were therefore given 200 trials (20 trials per day) to learn this problem. If the 
animals persisted in their position habits under these conditions they received punish- 


' menton 50 percent of their trials. For Groups I and II this would result in a change in 


their pattern of punishment and for Group III the proportion of punishment would 
remain the same but punishment would now occur in an orderly fashion. 

Position Response Consistently Punished—Animals failing to show evidence of 
learning the discrimination problem were transferred to a new problem in which the 
Negative card was always on the side to which they reacted consistently and of course 
this card was always latched (e.g., an animal with a right position habit always received 
punishment when it chose the negative card оп theright). This problem was continued 
for то days and то trials were given daily. Clearly this manner of punishment should 
have discouraged the position habit and encouraged the formation of a response based 
upon the characteristics of the card. 


Supyecrs Usep 


Complete records were obtained on a total of 31 rats. Groups I and II each 
contained 10 animals and Group III contained 11. The age range was from 4-9. 
months and the average age for Groups I, II, and III was 5.4 months, 6.4 months, and ` 
5.6 months respectively. Of the 31 animals 21 were males and 10 were females. The 
proportions of males to females for Groups I to III were 7 : 3, 6 : 4, and 8 : 3, respec- 
tively, Both white and pigmented animals chosen from the regular laboratory colony 
were used, 


ReEsutts 
Comparison of Groups in the Persistence of the Position Habit 


. Maier (11) has pointed out that the fixation of a response 
‘may be measured by the resistance which a given mode of 
behavior shows to modification. Since all of our groups of 


. tats developed position habits and since this mode of response 


was repeated without alteration for about 160 consecutive 
trials (the criterion was a Tesponse to a position in 98 percent 
of the last 160 trials) these groups may be compared in their 
degree of fixation. Because the introduction of the dis- 
crimination problem makes possible a new form of behavior . 
which is adaptive in nature one might expect the adaptive 
response to be learned and the unadaptive response to be 
replaced by it. If such a change in the habit fails to take 
place one might expect that roo percent punishment of a 
fixated response would cause it to be abandoned. If both 
treatments fail to cause a given mode of behavior to be 
abandoned one must recognize the existence of a kind of 
fixation which requires careful analysis since it is not deducible 
from our knowledge of learning, ; 
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Table 1 shows that all but one of the rats in Group I 
abandoned the position habit during the 200 trials but only 
4 of the 11 rats in Group III made this adjustment. The 
rats in Group II fall between these extremes but are more 
similar to Group III than to Group I. 

The females seem to have a greater tendency than males 
to persist in their position habits since 6 out of 1o females 
persisted and only 7 out of 21 males did so. Since Group ш 
had the smallest percentage of females, the difference between ~ 
groups II and III is perhaps greater than shown in Table 1. 
Considering males only, 1 of 7 in Group I, 2 of 6 in Group II 
and 4 of 8 in Group III persisted. 

If the animals in each of the groups differ in the relative 
amount of persistence, then more drastic treatment should 


TABLE 1 
Comparison or GROUPS IN EXTENT OF FIXATION 
Number of Rats Number of Rats Number of Rats 
G Failing to Learn Persisting after 100 
S татан ‘Discrimination Percent ishment 
I 9 I 1 
П 5 БЕХУ" 5 
ш 4 7 7 


ШЕ СИ 


cause additional animals to abandon their position habits. 
The last column of Table 1 shows that this was not the case, 
however. Animals which failed to learn the discrimination 

‘continued to show a position response throughout the 100 
punishment trials as well as during the 200 trials on the dis- 
crimination problem. This suggests an all or nothing charac- 
ter of the persistence of the positional response. 

. A We may also study the animals which learned the problem 
and compare the groups with regard to the readiness with 
which these animals formed the discrimination habit. - 

From Table 2 we see that the position habit was abandoned 
after 55 trials in the case of Group I, after 49-8 trials in the 
case of Group II, and after 98.0 trials in the case of Group ПІ. 
With respect to the animals which learned, Groups I and IL 
are approximately alike and differ from Group III to the ex- 
tent that the score ranges show practically no overlapping 
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TABLE 2 
Triats REQUIRED TO LEARN THE Глвсаіміхатіох HAniT 


Average Number 
of Additional 
Trials to Reach 
Criterion (Ex- 
clusive of 
Criterion Trials) 


(only one case in Group I falls within the score range of Group 
ПІ). In all cases, however, in which learning occurs it takes 
place well before the end of the 200 trials allowed for learning. 
Thus the animals which learn and those which persist in the 
position habit seem to differ qualitatively, a point which 
further substantiates the conclusion that persistence may take 
«on an all or nothing character, 

The groups also differ in the manner in which the new 
discrimination is established once the position habit is aban- 
doned. This is shown in the last column of Table 2. GroupI 
requires an average of 27.2 trials before it consistently reacts 


learning after abandoning the position habit, despite the fact 
that it is more reluctant to abandon it. 


TABLE 3 


Triats REQUIRED то Form Posirion Haarr / 


Average Number of Trials Before Criterion is Reached 
(98 Percent in 160 Trials) i 
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readily be seen that Group I, whose position habit corre- | 
sponded to its preference, continued to react on the basis of 
this preference without ever adopting another mode of re- 
sponse. Group II on the average required 9 trials before it 
settled down to a positional response opposite to its first reac- 
tion. Group III, which was punished on half its trials no 
matter upon what its reaction was based, reacted in terms of 
position after 20 trials. 

We may therefore say that Group III had the greatest 
opportunity to eliminate alternative modes of behavior (hypo- 
theses) before consistently reacting to position. The position | 
habit thus becomes a last resort and resists being displaced by 
another reaction tendency. The elimination of certain be- 
havior tendencies at the outset explains why Group III rats 
are the slowest learners on the discrimination problem and 
may also explain why this group has the smallest number of. 
learners. The fact that the animals of this group which solved 
the discrimination problem formed their position habit after 
7.5 trials and those which failed to solve formed their position 
habit after 27.1 trials supports this interpretation. The ex- 


‚ planation for the sudden learning of the animals which learned 


the discrimination in Group III is also simplified if we grant 
that certain behavior tendencies have already been eliminated. | 
Krechevsky (9) has shown that during the pre-solution period 
a.problem may be changed without reducing the final rate of 
learning. | ‘ 

A similar analysis may be applied to Group II. The aver- 
age number of trials preceding the formation of the position 
habit for the animals in this group lies between that of Groups 
I and III and their tendency to persist in the position habit 
also lies between these two groups. The learners and non- 
learners, however, are not differentiated here. 


Evidence for Suppressed Learning of the Discrimination i 
As already pointed out the introduction of the discrimina- 
tion problem changed.the pattern of punishment and reward 


‘for Groups I and II but since Group III was previously pun- 


ished half the time the proportion of reward and punishment 


b 
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_ remained the same for it. Thus it might be said that Group 
III tended not to learn the discrimination problem because 
the opportunity for learning did not become apparent and 
hence there was no reason for abandoning the mode of be- 
havior which was established. If this explanation is sound 
then Groups I and II should have learned the discrimination 
problem equally well. Further Group III should have aban- 
doned the position habit when тоо percent punishment of the 
position habit was introduced since this condition changed the 
pattern of punishment. On both of these counts the experi- 
mental findings are in disagreement with the demands of this 
theory. 

As a matter of fact it can be demonstrated that the animals 
which failed to abandon their position habits actually learned 
. ће discrimination. 

j Throughout the experiment the resistance to jumping was 

overcome by the application of the air blast. By increasing 
the air intensity at certain intervals, ratings for resistance 
could be made on the basis of the length of resistance and air 
intensity used before the jump occurred. The following rat- 
ings for resistance were used: 


Rating o. No air. ump occurring between O- 30 sec. 
Rating т. Mild air blast. Jump occurring between 31- 35 sec. 
Rating 2. Mild air blast. Jump occurring between 36- бо sec. 
Rating з. Medium blast. ump occurring between бї— 90 sec. 
Rating 4. Еш blast. Jump occurring between 91-120 sec. 
Rating s. Full blast. Jump occurring between 120-150 sec. 
If a rat always jumped to one side but consistently showed 
greater resistance to jumping when one of the cards was on the 
position-response side than when the other card was on that 
side, then a discrimination between the cards must have been. 
made. We have therefore analyzed the resistance shown to 
the positive and negative cards during the discrimination test 
to determine whether the animals which failed to choose the 
positive card expressed greater resistance for the negative than 
for the positive card. 
` For comparison we have also studied the resistance to the 
two cards during the special training period to see whether a 
preference for one of the cards was evident before reward and 
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punishment were introduced in connection with one of the 
cards. "These results are shown in Table 4. For each group - 
of rats the average resistance to each card as well as the dif- 
ference in resistance is shown. It will beseen that all 3 groups 
failed to show differential resistance to the two cards during 
the special training period in which the position habit was 


TABLE 4 
Resistance Вкнлутов or Rats PERSISTING IN Position Hasrts 
Group I (1 rat) Group II (s rats) Group III (7 rats) 
Average Resistance Average Resistance Avei Resistance 
Rating Rating ting 


Number of Trials. |———— r] I L———————— 


Posi- | Nega- | Dif- | Posi- | Nega- Dif- | Posi- | Nega- | Dif- 
tive tive fer- tive tive | fer- | tive | tive fer- 
Card | Card | ence Card | ence | Card | Card | ence 
Special Training Period 
160 o от „OI 57 | 55 |-= | .82 91 | o9 7 r 
Discrimination Problem. Position Habit Punished on Half the Trials 
1-40 2.00 | 2.05 | .05 | 1.05 | 107 | -92 89 | .95 | .06 
41-80 1.60 | зло | 1.50 | «76 | 141 65 | .68 | 1.04 36 
81-120 1.55 | 3-15 | 1.60 | -97 | 1.72 75 | 65 | 152 | 87 
121-160 55 | 3-80 | 3-25 | 117 | 174 | 57 Зо | 1.66 | 86 
161-200 до | 3-10 | 2.70 |. .80 188 | 1.08 | .68 | 1.62 | -94 
Average | 1.22 | 3.04 1.82 | .95 | r56| 61| -74 1.36 | -62 
Position Habit Punished on All Trials ' 
1-40 Data not available 1.72 11-58 : 
41-80 1.78 182 
81-100 142 2.36 
| е 
Average р i 


being established. The groups differ somewhat in the amount ? 
of resistance, however. Group І had a rating of practically 


zero which means that this group responded before air was _ 


applied. However, the data on this group have limited value 
since they are based on one rat, all the others having learned 
the problem. Group II with a rating of a little over .5 re- 
“quired air about half the time and Group III, which was 
punished on half its trials, had a resistance rating of nearly I 
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continues to function. Table 5 shows these differences to be 

-17, .36, and .45, for Groups I, II and III respectively, whereas 

Table 4 showed differences of 1.82, .61 and .62 for the non- - 
' solving animals in these same groups. 

During the solution period the resistance to the negative 
card rises for Group II but falls in the cases of Groups I and 
III. However, these differences in resistance to the two cards 
have little significance since very few responses were made to 
the negative card after the positional responses were discon- 
tinued. As shown in Table 2, Group I, after abandoning the 
position habit, learned in an average of 27.2 trials; Group II 
in 16.2 trials; and Group III in 4.5 trials. As a consequence 
of this rapid learning the average number of responses to the 
negative card during the solution period was 3.6 for Group I, 
1.6 for Group II, and .25 for Group III. "Thus we see that 
although the discrimination learning was slightly expressed . 
during the pre-solution phase the position habit was discon- 
tinued before the differential resistance became as pronounced 
as in the case of animals failing to solve. This fact clearly 
shows that the animals which failed to solve the discrimination 
problem failed because they were unable to abandon their 
position habits and not because they did not sufficiently dif- 
ferentiate between the positive and negative cards. 

After the animals solved the problem and consistently 
chose the positive card (the criterion phase) the resistance to 
jumping showed no change of sufficient magnitude to require 
elucidation. 

Evidence for discrimination on the part of animals failing 
to abandon the position habit may also be derived from their - 
manner of jumping to the negative and positive cards. 
Abortive jumps, consisting of (а) jumps to the ledge, (4) 
striking the card with the side of the body, (c) leaps to the 
right or left of the cards, and (4) jumps which are very light 
and not adequate for knocking over an unlatched card, often 
replace the normal response which consists of a fairly vigorous 
leap at the center of the card. We have therefore analyzed 
the data to determine the percentage of abortive responses to 
each of the cards. These data are presented in Table 6. 
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This table shows that during the special training abortive . 
pehavior.was practically absent with the exception of Group 
III, which received punishment on half the trials andin which 
nearly 10 percent of the responses were abortive. With the 
introduction of the discrimination problem abortive behavior 
became more common and became applied to the negative 

TABLE 6 
АвокттуЕ Benavior or Rats PERSISTING IN Posrrion HABITS 


Group I (1 rat) Group II 5 rats) Group IH (7 rate) 

Percent Abortive Percent Abortive Percent Abortive 

Jumps Jumps Jumps " 

Number of Trials а ЫН 
Posi- | Nega- | Dif- | Posi- Nega-| Dif- | Posi- | Nega- Dif- 
tive | tive fer- tive | tive fer- | tive | tive | fer- 
Card | Card | ence | Cerd Card | ence | Card | Card | ence 

Special Training Period 


160 48 | “| -1 
Discrimination Problem, Position Habit Punished on Half the Trials 
1-40 о о о 19 13 | -6 13 H H 
41-80 o о о 5 -I o п 1 
81-120 o 20 20 7 27 20 о 19 19 
121-160 o 95 95 1 58 57 о 23 23 
16-454) ° 95 95 I 54 53 H 37 3 * 
Average o 42 42 6.6| 31.2] 246 2.8 20,8| 180 , 


1-40 Data not available | 71 32 
41-80 go 41 
81-100 96 3 42 


Average 83.6 37.6 
card. Groups I and П showed a differential response to the 
"two cards after 80 trials and Group III after 40 trials. Thus 
all groups expressed a discrimination between the two cards 
by developing an abortive response for th 
although this expression of the discrimination occurred some- 
what later than the differential resistance (see Table 4). fi 
With the introduction of the period of 100 percent punish- 
ment Groups II and III showed an increase in abortive | 
behavior and for Group II it rose as high as 83.6 percent. 
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These data are not available for Group I, and since only one 
tat in this group failed to solve the problem the figures for 
Group I should be taken as an individual rather than as a 
‘group trend. - 

It appears that abortive behavior is a form of adjustment 
to the situation. The fact that Group II showed a high per- - 
centage of such behavior in the 100 percent punishment series 
with very little rise in resistance, whereas Group III showed a 
lesser percent of abortive behavior and a significant rise in 
resistance during this period, supports this contention. 

j TABLE 7 


Авокттук Венлуюв or Rats Wuicx ABANDONED THE Position Hasrr 
FOR THE DISCRIMINATION HABIT 


| 


Group I (о rats) Group II (s rats) Group III (4 rats) 
Pervent рта) Percent Abortive Percent Abortive 
Jumps Jumps Jumps 
Number of Trials 
коа: Мева» Dit: Posi- | Nega- ри- Posi- Nega- pi 
ive ive = ti ti - ti уе p 
Card | Card | ence | Card | Card | eme | Сый | Cumt | ene 
Special Training Period 
160....... | з | о | -3 з | 15| o 22| 29] 7 
4 
Discrimination Problem. Position Habit Punished on Half the Trials 
h 
4 Е 8, 


о j-i 23 28 & 
o о 


v tion problem is shown in Table 7. As in the case of animals 
"failing to solve this problem these animals show practically no 
abortive behavior during the special training but unlike them, 
these animals do not develop it as a differential reaction whens 
the discrimination problem is introduced. Groups I and П 
apparently learn the discrimination before abortive behavior 
appears and Group III (which required about twice as many 
trials as Groups I and П for learning the discrimination (see 
Table 2)) shows abortive behavior for both cards but this 
behavior drops out as evidence for learning appears. Ap- 
parently the abortive behavior appears only after a certain 


The abortive behavior of animals solving the discrimina- 


* 
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ount of frustration and ceases as soon as an adjustment 


А The animals which fail to solve persist in abortive 


urs. 
havior not because they cannot react differentially to the 


nu О cards but because they cannot achieve an adjustment 
as long as the position habit dominates their behavior. 
The evidence on resistance and abortive. jumping shows : 
at the animals failing to solve the discrimination problem (i 
"actually formed the discrimination and expressed the dis- 
imination by reacting differently to the positive and negative 
cards. Of the 13 animals in the three groups which failed to 


"abandon the position habit, 9 expressed their differentiation `, 
both in their resistance and in their abortive behavior, 3 in. 

and 1 in its abortive behavior 
l fail to express a differentia- — 
ortive behavior appeared ^. 
loped its own individual inf: 


Additional Experiments on F: rustration. 7 
| Thus far our experiment has been carried to the point of 
lemonstrating the unusual persistence of a habit produced by 
rustration. To throw further light on behavior arising from 
tration, 4 additional animals were studied over à longer 
od of time. During this period the effects of breaking the | 


pos tion habits was also studied. 

| Inz animals (rats 1 and 2) the no-so 
oduced after the animal was trained to jump and was 
ued for 450 trials (20 trials per day). One of the cards. 
ntained a large black circle and the other a small black circle | 


and both were on gray backgrounds. The position of the. 
ds was changed irregularly and either one or the other was. 
ched on each trial. One rat immediately took à left posi- 
abit going left 9 times in the first 10 trials and to the left. 
the remaining 440 trials. The other likewise chose the. 
imes on the first то trials, then 
trials it always chose the card to 


this period of frustration the ca 


lution problem was j 


chose both sides, but | 
the right. 47 
rd with the large — 


^ 
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circle was made positive. For the next 460 trials both rats 
continued to choose on the basis of position, never once deviat- 
ing from this mode of behavior. 

The window opposite the position preference was then left 
without a card and the rats were induced by means of guidance 
to jump through the open window. After 20 such trials the 
positive card (large circle) was placed in the open window. 
Both rats chose the positive card and continued to choose it 
during the next 120 trials regardless of the side on which it 
was placed. : 

The no-solution problem was then introduced again and 
for 200 trials both of the rats consistently chose the positive 
card of the discrimination. 

In this experiment persistence behavior was shown to 
appear in the no-solution problem on both occasions, but on _ 

, the first occasion the position habit persisted and on the second. | 
the discrimination persisted. ‘Thus persistence may be shown _ 
for an obviously acquired preference as well as for what may 
appear to be a natural preference, and hence the persistence 
behavior must be regarded as a product of frustration rather © 
than the expression of any natural strength the position habit 
тау possess. In the previous experiment it was shown that ~ 
there was greater persistence for a position habit which op- 
posed the animal’s natural preference than for one which 
corresponded to it. i 

To further isolate the causes that determine which habit 
will persist the remaining 2 rats (numbers 3 and 4) were tested, 
in the following manner. à А 

A discrimination between the small black circle and the 
large black circle on gray backgrounds was established, the 
former being the positive stimulus. After the discrimination _ 
was established to the criterion of 30 errorless trials the no- 
solution problem was introduced. Rat 3 lost the discrimina- 
tion habit after 140 trials and Rat 4 after 40 trials and both 
reacted thereafter by showing left positional reactions. Rat3 
was given 250 trials and Rat 4, 80 trials, and both consistently 
reacted on the basis of position during this period. 4 

Theoriginal discrimination problem was then reintroduced. — 
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Rat 3 continued its position habit for the 330 trials it was ` 
tested and Rat 4, for the 150 trials it was given. ? 

Since neither of the animals deviated from the position 
habit, the response was broken by means of the open window 
procedure described above. , As soon as the positional re- 
sponse was abandoned reactions on the basis of the discrimina- 
tion appeared without any pre-solution trials. Rat 3 was 
given 80 repetitions and Rat 4, 150, and both consistently 
chose the card with the small circle. 

The no-solution problem was again introduced. Both rats 
failed to abandon the now irrelevant discrimination habit 
although Rat 3 was given 450 trials and Rat 4, 630 trials. 

The experiments on Rats 3 and 4 show that frustration” 
produces a position habit even when preceded by a discrimina- 
tion. It is only when the fixation of the position habit has 
' been broken that the rats fail to return to it. In such cases 
frustration results in the persistence of some other mode of 
behavior. In both forms of behavior the persistence is ab- - 
normally strong and can be broken only by special means. 
Ordinary conditions for learning do not furnish the necessary 
instigation for abandoning the habit which becomes fixated. 
It is only when an alternative is specifically presented by the 
experimenter (guidance) that a shift in response is made. 
The animals’ own resources apparently are not adequate for 
taking an alternative even when the inadequacy of a response  -. 
is experienced repeatedly. This conclusion is supported by — 
observations on additional rats not included in this study. 


" \ Discussion à 


The Nature of Abnormal F ixations 
|. We have found that some animals show 4 marked reluct- 
ance to abandon their position habits. This persistence ina j 
mode of behavior has an abnormal appearance for the follow- 5 
ing reasons: т 


т. Animals persisting and those not persisting form a dis- - 
tinctly bimodal distribution in the sense that all of the latter 
abandon the position habit in 117 trials or less and all óf the | 
former fail to abandon it in 200 trials. Even the addition of 
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тоо trials of 100 percent punishment fails to destroy the 
persistence of the position habit. 

2. Inability to distinguish between the positive and nega- 
tive cards does not account for the failure to learn the dis- 
crimination habit. The analysis of resistance and of abortive 
behavior revealed that each animal which failed to form the 
discrimination habit actually learned the discrimination. 
Failure to express this discrimination seemed to be due to the 
dominance of the position habit. Thus the discrimination, 
even when present, was unable to break through the position 
habit. М 

3. Ordinarily the strength of a habit varies with the fre- 
“quency with which a response has been rewarded. Brunswik 
(т) has demonstrated varying rates of learning by varying the 
proportion of reward for the positive card and punishment for 
the negative. In the present experiment the condition of 
50 percent reward and 5o percent punishment for the position 
habit produced a position habit of greater tenacity than did an 
equal number of trials with 100 percent reward. Such a 
condition should produce no learning if we are to accept the . 
principles of learning supported by many studies. Hence the 
fixation here produced cannot be of the same kind as the fixa- 
tion produced under ordinary conditions of learning. 

1 ‚То reconcile these results with those of other experiments 
. tis necessary to postulate a different mechanism which has 
` . been brought to expression. Our Group III and to some 

extent our Group II animals were in a frustrating situation. 
If we suppose that frustration may lead to fixation, this. 
* fixation may be of a qualitatively different nature than that 
produced by learning. In the sense that such fixations are 
not the ordinary ones produced by learning they may be 
called abnormal fixations. Frustrations also lead to other 
forms of behavior which have been called abnormal (and in a 
Sense extreme resistance and abortive jumping are abnormal) 
and it therefore seems justified to so classify these fixations. 
Case histories of neurotic people contain much evidence of 
persistence of unsuccessful modes of behavior and when these — 


` arise through frustration they are readily classified as belong- 
ing to the abnormal. 


b. 
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4. Although positional responses usually occur in frustrat- 
ing situations, fixations are not limited to this mode of be- 
havior. The experiment on the last four rats shows that a 
discrimination habit may also become fixated but this occurs 
only after the position fixation has been abandoned, Once a 
fixation is abandoned there seems to be no tendency to return 
toit. Rather the fixation shifts to another mode of behavior 
which is in the animal’s repertoire. In each case the basic 
cause of the abnormal fixation seems to be the no-solution 
problem which is frustrating. 

5. The abandonment of a fixation occurs suddenly if at 
all and then it constitutes a shift to a different mode of be- 
having. This fact is illustrated by the behavior of the four 
animals which were extensively studied and by the sudden 
learning of the Group III animals which abandoned their 
position habits. The corresponding animals in Groups I and 
II which were frustrated to a lesser degree abandoned their 
position habits after experiencing failure and before a new 
habit was found. ‘They therefore required trials in which to t3 
learn a new response. Thus the animal which forms an ab- 
normal fixation retains its mode of behavior until another is 
substituted. In this sense the fixation is an adjustment which 
the animal retains and as a consequence it is incapable of 
further learning by trial and error under the usual conditions 
for learning. ү 

6. Because all pre-solution periods in learning are in es- 
sence no-solution problems for a time one might expect _ 
fixations to occur in all learning situations. This, however, 
is not the case. Apparently frustration leads to fixation only 
when it reaches a certain point (let us say а point of saturation 
for that individual). To put it differently, continued failure 
‘causes the animal to ‘give up’ and when this point is reached’ 
the mastery of a new problem no longer takes place. Instead 
the animal has formed an adjustment which is a fixed mode of —— 
behaving. 

That individual differences occur is apparent from our те-, + 


sults. АП animals in Group III did not develop fixations and 
one animal in Group I did form a fixation. Everall (3) 


» » 
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pointed out that some animals perseverate no matter what the 
conditions are and Hamilton and Krechevsky (6) selected 
their animals to avoid such individuals. Because some ani- 
mals are so prone to fixation we feel justified in confining our 
discussion to the role*played by the situation in producing 
fixations. 

Since we believe that frustration must reach a saturation 
point in order to become effective, we are inclined to disagree 
with the stimulating volume by Dollard, Dooh, Miller, 
Mowrer, and Sears (2) in so far as these authors ins'st that all f 
unrewarded experiences are frustrating. We prefer to limit 
the term frustration to designate the state where continued 

l . failure causes learning functions to cease operating and other 
mechanisms of adjustment to begin operating. In this sense 

_ abnormal behavior becomes qualitatively different from 
normal. * : 


PM Fixation and Regression 
Although our experiments have been confined to the study 
of fixations, they show a similarity to some recent experiments 
on regression in which punishment caused rats to abandon one 
mode of behavior and fixate a previously learned habit. The 
_ Strength of the fixation was not determined in these studies, 
but rather they were pointed to bring out the regressive feature 
== of behavior. Since our experiments demonstrate the continu- 
ЭК ance of a given mode of behavior during frustration, it is . 
desirable to compare methods and results to see if the apparent і и 
* . difference in the findings can be clarified. 
i Hamilton and Krechevsky (6) developed in rats a prefer- - 
-ence for a right turning response in a simple maze and then 
altered the situation and developed a left turning response: 
_ When shocked at the choice-point 11 out of 18 rats consistently. 
chose the right turn as in the first habit and discontinued the 
second habit. When animals were shocked with no previous 
training a good proportion of them showed consistent position 
preferences. These authors speak of the fixation of the earlier 
‚ habit as regression. Everall (3) raised the question whether 
the reversion-was to an earlier response or to some natural 
preference and concluded the former to be the case. 


ГА 


ы * 
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Sanders (14) used a similar procedure and in addition to 
verifying the earlier work found that the relative strengths 
of the two position habits had no effect on the tendency to 
revert to an earlier habit. Furthermore shocking the rats 
during the second habit caused reversion to the first but when 
the first habit was again established the introduction of elec- 
tric shock failed to cause a reversion to the second habit. She 
therefore believes that regression rather than disinhibition is 
demonstrated by these experiments. 

The fixation of behavior described in the above experi- 
ments has been produced ‘py electric shock and the authors 
believe the emotional effect produced by the shock to be 
responsible. Hamilton (5), some years ago, emphasized the 
perseverative effect of emotional excitement on behavior. 
Recently Patrick (13) verified Hamilton’s work by demon- 
strating that college students become less rational and more 
random and stereotyped during emotional excitement. Our 
experiments have likewise demonstrated fixation but the 
causal factor seems to be frustration. It is possible that 
emotion is involved in both cases but in our experiment the 
accumulative effect rather than the direct arousal of intense 
emotional excitement has been the dominant feature. Fur- 
thermore our fixations have shown greater resistance to 
change. Even when animals developed a discrimination and 


sponse dominated the choices of the animals. 

It is not our opinion that we have demonstrated regression 
in behavior. Rather we have found that frustration causes à 
position habit to become fixated. Once a position fixation is 
broken, however, another mode of behavior can become 
equally fixated and in this respect our findings differ from 
those of Sanders. Any situation which disrupts one mode of 
behavior must give rise to another and this other available: 
mode of behavior may be a previous one. The appearance of 
a previous mode of behavior, however, is not necessarily evi- 
imply a reversion to a more primitive behavior tendency. To 
demonstrate that the reversion is a return to primitive be- 


had an adaptive mode of behavior available the fixated re- . 


dence for regression if by regression one wishes the term to. 
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havior supplementary evidence should be presented which 
indicates that the behavior is not only an earlier form but a 
more primitive form. 

Because the work on regression has dealt with position 
habits and because we have found that these become formed 
and fixated in a frustrating situation, the appearance of a 
position habit may not be a return to an earlier response but 
rather the formation of a new one which happens to correspond 
with the position habit previously formed. 

In all of the above experiments animals learned a right 
position habit and then a left position habit. When shocked 
they responded with the right position habit. If another 
group had formed the left position habit only and if it was 
then shocked, would this group also respond by going to the 
right in the same proportion? If so the shock would seem to 
cause the abandoning of one position habit and the appearance 
ofa new one. The appearance of the right position habit in 

the first case would then not seem to be a return to an earlier 
habit but rather the formation of a new habit which happened 
to correspond with the first. 

_ Sanders’ inability to cause a return to the second habit 
may be due to the fact that the same animals had previously 
abandoned this habit in the punishment situation. This could 
be tested by developing a left position habit, then, a right, and 

„then retraining on the left habit. After this retraining, 
would shock cause a right going habit to appear? According 
to Sanders’ interpretation, the left habit should continue since 
the left habit was the earliest, We suspect that in this case 
the right habit would appear. 

Of course one may say that all animals have natural posi- 
tion preferences which are the earliest and most primitive 
modes of behaving. Hence the formation of a position habit 
1s a Tegression to these early tendencies. We have shown, 
however, that the size discrimination habit may become 
fixated and this form of Teaction is far from primitive since 
such a habit is learned by rats with considerable difficulty- 
We therefore believe that fixation but not necessarily regres- 
sion has occurred in our experiments, and it is possible that the 
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same interpretation holds for the punishment experiments 
since the regressive feature may be an artifact due to the use 
of position habits. In any case the relationship between 
fixation and regression must be studied further and for the 
present we wish only to make a case for fixation. à 
Humphreys (7) has recently shown that a conditioned 
eyelid response in the human is more difficult to extinguish if 
it is formed on the basis of 50 percent reinforcement than if 
formed on the basis of 100 percent reinforcement. This is 
true even when the number,of reinforcement trials are equated 
in the two conditions. Humphreys (8) explains this on the 
basis of expectancy of reinforcement. A response which is 
reinforced part of the time continues to be effective when 
reinforcement is completely withdrawn because reinforcement 
is not always expected and hence failure is not demonstrated. 
But when reinforcement is withdrawn from individuals which 
have experienced reinforcement on all occasions a change in 
experimental conditions is more readily apparent to the sub- 
ject. The mechanism of expectancy could explain why our 
Group III animals which did not fixate learned the discrimina- 
tion less readily than the corresponding animals in Groups I 
and II but it would not account for our fixations. 
Humphreys’ findings are consistent with the implication 
that persistence is due to the tendency not to vary behavior. 
Maier (x1) has pointed out that behavior may continue un- 
altered either because variability in behavior is not called 
out in the situation or because a particular response tends to 
dominate over other modes of behavior. The latter form of 


cause of its own properties rather than because other behavior 
alternatives were not called out. Humphreys! form of per- 
sistence is evidence for a response which continues because 
nothing in the situation calls out a different form of behavior. 
In our experiments we have shown that another form of be- 


could not be replaced. As a consequence the new form of 
_ behavior became superimposed upon the position habit. We 


behavior should be called stereotypy since it dominates be- ' 


havior (discrimination) had actually been aroused but failed. 
to come to complete expression because the position habit 
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are therefore inclined to believe that Humphreys was not deal- 
ing with an abnormal form of fixation. This is also shown by 
the fact that all his subjects finally did extinguish the condi- 
tioned response, and only additional trials were required by 
the 50 percent reinforcement group. 

Gottsdanker (4) studied the fixation of college students in 
a multiple choice problem in which each of a certain group of 
keys was correct 75 percent of the time. He found that blind- 
folded students were more disposed than non-bliridfolded ones ' 
to confine their choices to a particular key rather than to the 
group of keys which had the same probability of being correct. 
He concluded that the fixation was *explainable on the basis 
of lack of differentiation among choice possibilities on the 
part of the subjects) Since our animals which fixated did 
show a differentiation between the choice possibilities this 
explanation does not hold for our data. 

Because fixation is both a concept in learning and in 
abnormal behavior and because the mechanisms upon which 
these fixations depend are very probably quite different, it is 
important to differentiate between them. The belief that 
fixations appearing in certain experimental conditions in- : 

. validate the laws of learning is reasonable only when such a 
distinction is not made. The postulation of two kinds of 
fixations seems more sound than the throwing aside of a large _ 
body of concepts developed through ordinary learning « 
experiments. 


Summary 


__‚ In this experiment rats were forced, by means of an air | 
blast, to choose between 2 cards in the Lashley jumping ap- 
paratus. When the problem was insolvable position habits 
were formed, the strengths of which were greater than those of 
position habits formed under the usual conditions of learning. 
A study of the persistence of position habits formed under 
3 experimental conditions revealed that animals in each group 
could be classified into (a) those which solved a new dis- 
crimination problem readily and (b) those which failed to — | 
solve the new problem in more than ample learning time. . ; 
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Even the addition of 100 trials of 100 percent punishment 
failed to cause a displacement of the persistent type of position 
habit. Since no intermediate cases were found it became 
evident that we were dealing with a discontinuous distribution 
of individual characteristics. This led us to postulate that 
the fixations in many individuals take on an abnormal 
character. Ч 
The data were then analyzed to determine the cause of the % 
persistence of the position habits. It was shown that the 
animals which fixated actually solved the discrimination prob- 
lem but nevertheless continued their positional behavior. In 
such cases the discrimination was evidenced by (а) the differ- 
ential resistance to jumping to the positive and negative 
stimulus cards (when they appeared on the position side) and 
(b) the different manner (normal or abortive) in which the 
animals jumped at these two cards. Thus the discrimination 
habit became superimposed on a fixated position habit. This 
demonstrated that the persistence of the position habits was 
not due to the absence of alternative modes of behavior, but 
rather to the strength of the position habit. | 


since a no-solution situation involves greater frustration than 


only when we postulated that fixation is the result of frustra- 
tion. The individual differences were explained by consider- 
ing frustration as accumulative. Only when failure is re- 
peated to the point of the individual’s level of tolerance does 
it constitute frustration; but once the level of frustration is 
achieved, fixation appears. : 

< Under ordinary conditions the fixation expressed itself asa | 
persistent position habit. Itis only when the position fixation 


When this occurred the other fixation also was of abnormal 
strength. | As 

The data were also considered in relation to regression. 
produced in situations of emotional stress and although certain | 
doubts concerning regression were entertained no definite con- 
clusion was expressed. j 


k 


Since all learning situations involve some frustration апд | 


solvable problems, the fixation behavior became explainable ` 


was broken that another mode of behavior became fixated ^ 


* : 
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Е д Ф 
The consequences of frustration must Ье distinguished 
from those of conflict since frustration as such does not appear 
to result in experimental neurosis. 


(Manuscript received December 14, 1939) 
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VARIABILITY IN LEARNING UNDER MASSED 
AND SPACED PRACTICE * 


BY HENRY E. GARRETT, 
Columbia University 


I. PROBLEM AND SETTING 


This paper is concerned with the relative economy of 
massed or concentrated practice as compared with spaced or 
distributed practice. Under these two conditions of learning, 
the effect of practice periods of different lengths upon the 
same task and upon three tasks differing in difficulty was de- 
termined. An attempt has been made, also, to determine the 


differences in so far as these contribute to total subject 
variability throughout the learning period. 

The problem of massed versus spaced learning is not a new 
one, and much work has been done on this topic. Recent 
reviews of the literature (2) (18) reveal that most investi- 
gators have found practice distributed over several sittings 
more economical of learning time than practice concentrated 
into a single period. This general result holds whether the 
tasks to be learned involve verbal materials (4.8: nonsense 
syllables, poetry, prose, etc.) or whether they involve the 
acquisition of those motor or mechanical skills necessary for 
success in such activities as typing, archery, or mirror drawing. 
Similarly, it has been shown that in animal learning distributed 
practice has the advantage over massed practice. Rats, for 


better when practice is spaced over several intervals. im 
Despite the agreement in this field, it is nevertheless diffi- 


variations in experimental set-up and the large number of 
variables involved. The latter include—among others—the 


bo ve This is one of a series of studies prepared under the auspices of the 
University Council for Research in the Social Sciences. ; 


relative strengths of short intensive practice and of individual | 


example, learn mazes, puzzles, and discrimination habits | 


cult to draw general conclusions because of the numerous - 


Columbia. 7 
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Character of the task to be learned and its degree of difficulty; 
the number and length of the practice periods; the length of 
the intervals between trials; and the condition of the subjects 
(¢.g., their previous training) when the experiment was Берип. 
Important also are the age and sex of the subjects and their 
motivation and interest. Such technical and statistical ques- 
tions as the equality of units employed in measuring improve- 
ment, the reliability and validity of measuring instruments, 
and the methods used in gauging improvement must also 
be considered (1) (12) (13). The number of permutations 
and combinations of these experimental variables necessary 
before any very general result can be reached is well-nigh 
inexhaustible. 

It goes without saying that in the present experiment we 
have not examined all of the experimental possibilities listed 
above. We have, however, considered some of the more im- 

| portant factors. - Also, through the analysis of variance tech- 
nique we have been able to attack the question of the relative 


contributions to group variability of practice and individual; 


differences under various conditions. 


П. Procepure . 


I. Subjects 
The subjects in this experiment were 96 men students of the College of the City 
of New York and 78 women students in Barnard College. Most of these subjects were 


sophomores or juniors and all weré students in general psychology. The age range in 
the group was from 16 to 25 years, 


2. Tests 
Three measures of symbolic or ideational learning were used: a symbol-digit 
Substitution test, a code learning test, and an artificial language test. 
(D. Symdo-Digit Тем, This is a familiar test of learning ability. At the top of 


the blank are 9 circles, each containing a symbol and a number. Below this key, ^ 


arranged in two columns, are 200 symbols in groups of five. Spaces are provided in 
which each symbol may be represented by its appropriate number. 

(2) Code Learning Test.—This test was adapted from the code placed at Year 
XVI, Average Adult, in the 1916 Stanford-Binet. At the top of the test page, the code 
was Printed with directions for its use. Two sample sentences were given below the 
directions, The test Proper consisted of 10 sentences planned to be of equal—or nearly 
equal—difficulty. These sentences were selected from practice books used by students 
of typewriting; each sentence contained all 26 letters of the alphabet. Vowels and 


often used consonants were Tepeated approximately equally often, and all sentences ы 


were of nearly the same length, 


Tu 


an 


* 


VARIABILITY IN LEARNING 549 

* 

(3) Artificial Language Test.—This test was taken, with considerable modification, 

from the American Council on Education Psychological Examination. At the top of 

the test sheet a vocabulary of 19 words (pronouns, demonstrative adjectives, preposi- 

tions, conjunctions, and verbs) was given along with a set of six rules for changing 

nouns and pronouns from singular to plural, indicating past and future tense, and 

forming nouns, adjectives, and adverbs from verb stems. Three sample sentences 

illustrated the use of the vocabulary and the application of the rules, The test proper 
consisted of twelve sentences of almost exactly the same length and difficulty. 


3. Testing Procedure 


The general procedure followed is shown in Table 1. In this table, the numbers 
1, 2, 3, 4, designate the different groups of men and women subjects who worked under 


TABLE 1 
ExPERIMENTAL PROCEDURE 


Massed Practice . Spaced Practice 1 
Test ye a aa uou D D em 
5-trials 1o-trials 5-trials. 10-trials 
Symbol-digit 1M 1F 2M 2F 3M 3M 4M 4F 
Code learning... ІМ 1F 2M 2F 3M 3 4M 


Artificial language. ...--- Up Me F | 2M 2F | 3M 3M | 4M 4F 


Artificial language: -sio in| ааваа 


the four conditions. “M? indicates the male subjects, and *F' the female. Each 
group of subjects took all three tests under one practice condition; and the initial 
equivalence of the groups (see Table 6) permits a comparison of the relative efficiency 
of the various practice conditions. Moreover, since results for each practice condition 
were obtained from both men and women, conclusions regarding sex differences are 
possible, i 

Under massed practice the trials followed each other immediately. In spaced 
practice, one trial on each test was given at experimental periods separated by intervals 
of approximately three days. In order to make total time spent equal for all experi- 
mental conditions, the duration of a single trial under the 5-trial condition was twice 
that of a trial under the 10-trial condition. This will be clear from "Table 2 which gives 


TABLE 2 
Time Limits FOR §-TRIAL AND IO-TRIAL PERIoDs 
T 
Tine per Tris} 10-trial 


Test s-trial 
Symbol-digit. .. su r 
Code learning. . .6 E 
Artificial language. .. ...-- е 2 


the time limits for each test under each condition. These time limits were determined 


part of the test. 


In the symbol-digit test the subjects were instructed to begin with the left column on 
odd and the right column on even trials. In the code learning and artificial language - 


tests subjects began at different designated points in the test on successive trials. 


+ 
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4. Scoring 


(1) Symbol-Digit Test.—The score on this test was the number of correct substitu- 
tions made within the time limit. 

(2) Code Learning Test.—The score here equalled the number of letters correctly 
written in code. This seemed to be a more adequate way of measuring performance 
than number of words written, as the unit of the code is a letter, and the words to be 
written differ considerably in length. 

(3) Artificial Language Test—The score was the number of words correctly 
translated, 


III. EVALUATION or Tests as to DIFFICULTY 


All comparisons—those between spaced and massed prac- 
tice, between 5- and 10-trial periods, and between the sexes— 
are made within each test and between tests. In the latter. 
сазе, the fact that the tests, though all measuring symbolic р 
learning, differ in degree of difficulty becomes а potentially 
important factor. It seemed essential before considering 
results, therefore, that we establish the relative difficulty of 


. our three tests. None of the criteria of difficulty ordinarily 


used is strictly applicable here. The frequently employed 


Criterion of time required to perform a task cannot be used 


because all three tests were given by the time-constant method. 
Even in the work-constant method time is not an adequate 
means of determining difficulty when there are qualitative dif- 
ferences between the tests. Thus, it might require as long to 
work out an example in long division as to do a problem in the 
calculus, but this does not establish the equal difficulty of the 
two tasks. A second measure of difficulty often used is 4 
comparison of the percentages of subjects passing a test; but 


‚ this measure can only be applied to tests which can be classi- 


fied as ‘passed’ or ‘failed’ and is useful mainly in scaling the 
items within a test. A third criterion which suggests itself is 
the number of items or units done within a specified time: 14 
if an individual can do more units of the one test than of 
another in the same length of time, the former test is pre- 
sumably the easier. This criterion, however, assumes equality 
of the units within and between the tests to be compared—@ 
condition which is not true of the tests here used. 

Since a comparison of our tests in terms of absolute units 
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was not feasible, the following three criteria based upon 
relative measures Were set up: 

(A) The ratio of the final to the initial score (F/I) on each 

test was computed. This ratio is, of course, always greater 
than unity if any learning has taken place during the period. 
Tt should be smaller for an easy test than for a hard test be- 
cause subjects score comparatively high on the first trial of a 
simple task, and hence register less improvement than on à 
difficult task. Our tests were ranked from easy to hard on 
the basis of this criterion; the easiest test was that with the 
smallest F/I ratio, and the most difficult that with the largest 
.F]I ratio. 

(B) The gain from initial to final score on each test was 
divided by the S.D. of the scores on the initial trial of the test. 
Expressing gains in o-terms eliminates the problem of in- 
equality of units and makes possible a direct comparison of 
gains from test to test. Following the reasoning in (A) above, Um 
we should expect the o-gain for an easy test to be smaller than | 
that for a harder test. 

- (C) A third criterion was based upon a consideration of 
the rate of progress of learning in easy and hard tasks. It 
seems reasonable to expect that learning in an easy task will 
be relatively rapid during the early stages of practice and will 
later taper off as the task becomes more and more mechanical. 
Because the hard task offers more complex and more numerous 
associations, it is assumed that improvement will tend to be 
slow during the first trials and will increase in the latter part | 
of the work period. The gains in the first and second halves _ 
of the work periods were determined, therefore, separately. 9 
In the 10-trial periods, the gain from trials 1 to 5 and the gain 
from trials 6 to 10 were calculated; for the 5-trial condition 
the gain from trial 1 to trial 2 was balanced against the gain 
from trial 4 to trial 5. The test for which the ratio g 


Gain in first half of period 
Gain in second half of period 


was largest was taken to be the easiest task; that for which the 
Tatio was smallest the hardest task. Results obtained from 


4 У 
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the application of these criteria to our three tests are shown 


Table 3. Rank ı indicates the easiest test by a given criterion 
rank 2 the next easiest, and rank 3, the hardest. 


The results are more clear-cut for massed than for spaced 
practice. For massed practice, the order of difficulty from 


TABLE 3 


Orver OF Merit (Retative DirricuLTY) or Taree Tasks iN TERMS OF 
Taree Crrreria, Са, Св, AND Сс 


Code Learning Artificial Language d 


BRD OCUBM 


[XII 


easy to hard is, according to all three criteria, code learning, 
symbol-digit, artificial language. The same order holds ãlso 
—though not so consistently—for spaced practice. 1 


IV. Resutrs 


I. Massed vs. Spaced Learning 

. . The relative efficiency of massed vs. spaced learning was” 
evaluated in terms of the gain in score made under each con 

tion. In the 5-trial work periods this gain equalled the 
crease in mean score from trial т to trial 5; in the ro-tría 

period the gain was calculated from trial 2 to trial ro. In this К, 

way gains were measured for equal periods of time practised” 

under the two conditions. The difference between the gains 


for males and females). All differences were evaluated in 
terms of their respective standard errors. Table 4 presents а ` 
summary of these results. | e 
It is clear that in the easier tests (code learning and symbol- 
digit) spaced practice was more effective than massed for both ~ 
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men and women. There is just one exception to this finding: 
on the symbol-digit test the women subjects gained more in 
the 5-trial period under massed than under spaced practice— 
but the difference is not significant. The advantage of spaced 
learning is greater for men than for women, as shown by the 
larger critical ratios. In the artificial language test, the most 


TABLE 4 


Diererences Between Слім IN МАЗЅЕр AND Garn IN SrAcED LEARNING 
FOR DIFFERENT NUMBERS OF Truats * 


(т) Code Learning Test 


Condition Sex N Gua Favor | ¢Gain "Gain 
ШЕ —— 4 
10 Trials..... M 40 8.67 | Spaced | 2.75 315 | Significant à 
то Trials.....| Е 36 2.96 | Spaced | 3.27 .91 | Not significant ` 
5 Trials. M 50 6.79 | Spaced | 5:27 1.29 | Not significant 


§ Trials..... 37 4.05 | Spaced | 5.00 „Вт | Not significant 


(2) Symbol-Digit Test 


8 Dif Gain Dif. 
Condition Sex N pat Favor | Gain "Gain 
то Trials M G78 | Spaced | 2.66 | 2.55 | Significant 
1o Trials F 2 I do БЕЯ 2.33 152. | Not significant 
5 Trials M sr | 18.70 | Spaced | 3.71 5.04 | Significant 
S Trials.....] Е 38 7.25 | Massed 4.08 1.78 | Not significant i 
hi 
Condition Sex * 
ЕЕЗ... 
10 Trials..... M Not significant 
то Trials..... Е Not significant 
5 Trials..... м Significant 
§ Trials..... F Significant 


* A critical ratio of 2.00 or more was considered significant. 


difficult of the three, massed practice is superior to spaced in 
three out of four comparisons (two are significant). 

One explanation of these findings which immediately sug- 
^ ревіз itself is that, in the symbol-digit and code tests, those — 
groups working under massed practice Were initially better 
than those working under spaced practice; and hence the latter 
. . made the greater gains. Conversely, in the artificial language — 


" 
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test, if the groups working under spaced practice were initially 
better than those working under massed practice, the latter 
groups might be expected to gaim more. As shown in Table 5 
neither of these hypotheses is true. The two groups com- 
pared differed significantly in only one instance (5-trials, men) 
TABLE 5 
Inrriat Scores or Massen AND ЅРАСЕр Practice Grours 1N Turee Tests 
(1) Code Learning Test 


Initial Score ри. 

Condition Sex Diff. "Diff, c» 
"Diff. 

M 55.85 58.00 215 2.93 73 

F 58.29 59.21 92 4.89 +19 

M 110.00 122.42 12.42 5.62 2.21 

Е 118.20 10б.26 11.94 9.50 1.26 


1o Trials 34-53 36.2 1.70 2.16 79 
10 Trials,... 36.79 oy ne 2.38 1.26 
5 Trials. 2.62 61.53 1.09 41 27 
5 Trials. 66.70 66.90 .20 4:97 104 


(3) Artificial Language Test 


Diff. 

Sex 2 
«ри. 

Ы бї 
74 

м +24 
F .05 


and here the greater gain was made by the initially superior 
(spaced practice) group, There is поа priori reason, there- 
fore, for expecting one group to profit more by practice than 
the other. Х 
The finding that spaced practice favors learning an easy 
task while massed practice is more effective for difficult tasks 
‘is contrary to the result usually reported (18). In our results, 
the reason is probably to be found in the fact that in our easy 


Е 
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e simple and discrete: a symbol tobe * 

letter with a sign. These con- 

tions were readily acquired by our subjects and the chief 

> function of practice was to increase the subjects’ speed in the 

“task. For this purpose spaced practice apparently has an 

“advantage over massed (5). However, the artificial language 
st offered all of the problems of learning a new language. In 

h word had to be classified as to 


art of speech, its meaning learned, and several ‘rules’ applied. 


ime was needed for subjects to acquire tools with which to 
vork. Hence it seems reasonable that continued application 
ather than short, interrupted practice should prove to be Е 


sts the associations wer 
"Connected with a letter, or a 


2. Five-Trial vs. Ten-Trial Periods 


ethod are especially relevant to the com- 


pua 
— "Two points of m 
therefore, re- 5 


. parison of 5-trial and 1o-trial periods and are, 
"peated here. In the first place, each trial in à. s-trial period 
_ was twice as long as each trial in a 10-trial period; hence, the 
1 working time in the two periods was equalized. Sec- 
dly, learning in the 5-trial periods was measured by the gain 


in score from trial 1 to trial 5, while learning in the 1o-trial 


periods was calculated from trial 2 to trial ro. Gain was thus А 
a ermined for equal periods of time and from a constant inio o 

tial practice level. Hence, any differences in amount learned — — 
uld reveal whether it is more economical to distribute 5 


ning over a series of short, fairly numerous, trials oroVerà — 
ries of longer and fewer trials. Table, 6 presents the differs — 
fin amount gained by the 5-trial as against the ro-trial — ^ 


oups. 

ie advantage is overwhelmingly in favor of the s-trial = 
difference — — 

trial period. Thisisastrue — — 

for easy as for hard tasks. — — 


voring the longer, less frequent, 
"massed as for spaced learning; 
1 factors may serve to explain this result. One ad- | 
e which may be ascribed to the longer trial is that it 9 
the subject a greater opportunity to become familiar 
etask. Secondly, his set is not repeatedly interrup "T 


he shorter period where he is put under the necessity — — 


+ 


- 


* г 2 x * 
y * 4 =" 5 
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_ * each time of ‘getting back to work.’ Itis probably true, too, 
that for the performance of any task there exists an ‘optimum’. 
work period, the discovery of which requires experimentation 
with a graduated scale of practice periods of different lengths, 
This problem of the optimum response time has been investi- 
gated in reaction-time studies. It has been experimentally 


TABLE 6 


Dirrerences Between GAIN IN 5-TRIAL PERIODS AND GAIN IN 10-T'RIAL Perrops, 
For Boru Massep AND SPACED LEARNING 


(х) Code Learning Test 


Favor "Dit. 
5 Trials 3.98 474 
5 Trials 4.10 7.36 
5 Trials 442 441 
5 Trials 4-35 7.19 

Diff, 

Favor "Diff. p 
5 Trials 2.39 475 
5 Trials 3.46 5.21 
5 Trials 3.89 5.98 
5 Trials 3.17 E 


established, for instance, that a foreperiod of about 2” gives 
better results (shorter Teactions) than longer or shorter periods 
(4) (15) (17). Similarly, Garrett (9) has shown that there 
exists an ‘optimal’ response time for judging differences among 
weights, linear magnitudes, and handwriting specimens. In 
the present study, apparently, the longer work periods ap- 


proximate the unknown ‘optimum’ more closely than do the 
shorter periods. 


* Lm ж M 
VARIABILITY IN LEARNING = _ BETRE 


3. Sex Differences. pha 
A comparison of the relative learning efficiency of men and К 
women under each condition of work is shown in Table 7. Ut 
Within each test the sex differences are fairly consistent. In i 
code learning, three of the four differences favor women; ане 
symbol-digit test the men have the advantage in three of the 


TABLE 7 


Dirrerences BETWEEN GAINS Mape Bv MEN AND WOMEN IN Елсн Test UNDER 
MassEp AND SPACED PRACTICE 


(1) Code Learning Test 


Condition 


Massed 10 trials... 
Spaced 10 trials... 
Massed 5 trials... 
Spaced 5 trials... 


Condition 


Massed 10 trials... 
Spaced 1o trials... 44 

assed 5 tridls... 52 
Spaced 5 trials... 37 


Condition N 
Massed то trials... 31 
Spaced 10 trials... 44 
Massed 5 trials... 5I 


Spaced 5 trials... 37 


four comparisons; while in the artificial language test the. 
women surpass in three out of four cases- Although the dif- x 
ferences in six cases do not reach statistical significance, their | i ү 
size and consistency of direction аге striking. eaten’ 

The relative superiority of men or of women in learning of. 
this sort is independent of the work condition, and depends. 
rather upon the nature of the material to be learned. · The. y 
women surpass the men on the two tests concerned with A 


E 
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language, while the men are superior in learning the less verbal 
(numerical-spatial) connections of the symbol-digit test. This. 
finding is in line with the results of other studies in which 
women have been found to be superior in handling ‘verbal’ 
material, and men in dealing with ‘mathematical’ and “вра- ` 
tial’ material (3) (6) (то) (11). 


4. Practice and Variability 
In the preceding sections the relative efficiency of several 
' practice conditions has been discussed. It remains now to 
examine more closely the variability of our groups under 
practice conditions. Two questions arise: (1) Did practice 
tend to make the groups more homogeneous, more variable, or 
leave them unchanged? (2) Which of the two factors causing 
individual differences is the more effective: sample variability 
or practice variability? 
To answer our first question, each group of subjects was 
à divided into two groups: those whose scores on the initial trial 
"fell above the mean of the entire group, and those whose scores 
fell below the general mean. For each of these sub-groups the 
mean gain was determined and the difference between the 
two means obtained. This difference was divided by its 
standard error to give the critical ratio or t-value; and from 
the table of ¢ (7) Р. 166), the corresponding probability (P) 
was read. "Table 8 presents these data. 
Neither of the sub-groups has a consistent advantage over 
the other in amount gained. Differences are as often in favor 
" of the lower scoring sub-groups as they are in favor of the 
higher scoring sub-groups; and none of the differences is 
significant. The values of P all exceed .о5, ordinarily taken 
as the boundary value for significance. This finding is in 
» accord with other studies of this sort (т) (12). Variability 
under continued practice exhibits neither convergence nor 
divergence; instead each subject’s position in the group is 
consistently maintained, 
In order to evaluate, next, the contributions of practice 
and of individual differences to variability throughout the 
experiment, the total variance was analyzed. Fisher’s method 


* 
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for two criteria of classification was utilized. As the method 
of analysis of variance has not been widely used in psychology, 
TABLE 8 


Dirrerences Between Gains MADE BY Ніснев AND Lower 5совтхо Sus-GRours 
(1) Code Learning Test 


Higher Lower 
Scoring Scoring 
Sub-Group Sub-Group 
Condition Sex 
к || к | Gain 
Massed то....| М 9 | 26.2] п |3155 
Massed то....| Е 7 31.6 7 319 
Spaced 10....| M п | доо | 11 | 35-7 
Spaced 10.. F 13 | 326 | 11 | 38.0 P. 
assed 5.. M 17 | 440 | 16 | 51.6 k 
Massed 5.. F 8 | 60.8 12 | 62.7 ` 
Spaced 5....| M 9 | 54-4 | 10 | 55-1 
Spaced 5....| Е 9 |63.2| то | 684 
(2) Symbol-Digit Test 
Higher 
m 
О И Бонат 
м 
N | Gain 
Massed 10....| М 10 | 22.1 [21 
A БУЗ OI 7 21.5 73 
M то |.333 33 
M nu | 28.2 3.8 
15 | 34-3 3-7 
F 8 | 46.0 5.1 
M 12 | 50.5 L2 
Р 9 | 346 2.0 


Higher 
Scorit 
Condition Sex Pup os 
M E 
N | Gain Gain Ms} 
Massed 10....| M I 14. К S б А 2 
Massed 10....| Е 6 E В 4 Dol 
Spaced 10....| M 9 179 |: В 6/4 x ЙЧ, 
duse 10.. F 12 | 15-5 D CEPR 
assed 5.. M 14 | 27.9 1 > E 
pus 5.. F 8 | 23.0 i 5р “ i 
paced 5....|| M | ro | 16.0 EU e А E i 
Spaced 5....| Е 8 | 23.1 j Y y 4| 5079€ 
С RES. 
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a simple illustration of the application of the method when 
+ there are two criteria of classification is given in Table 9. The 
illustration is divided into three parts, 4, B, and C. The data, 
which are artificial, deal with the problem of practice and 


TABLE 9 


EXAMPLE TO SHOW THE APPLICATION ОР THE METHOD оғ ANALYSIS OF VARIANCE 
TO A PROBLEM IN WHICH THERE ARE Two CRITERIA OF CLASSIFICATION 
(Тнк Data ARE ÅRTIFICIAL) 


* (A) All Variance Attributable to Subjects; no Interaction 


© т. Correction = 200)?/10 = + 
ie: 2. Total Bum of Square = 00 qoo = оо 


j 3. Between Ms of Trials = 1000 — 1000 = o 
fe x 74. Between Subjects’ Ms = 29 + шеш д СО со ооа 
d r i Sum of Squares 
4 o 
m 500 
o 
Total ED o 500 


(B) All Variance Attributable to Practice; no Interaction 


1. Correction = (150)"/10 = 2250 

2. Total Sum of juares = ee — 2250 = 250 

3- Between Ms of | = 2500 — 2250 = 250 
М 4. Between Subjects’ Ms = 2250 — 2250 = о 


t > 
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TABLE 9—Continued 
(C) All Variance Interaction; no Practice or Subject Variance 


Subjects First Trial 


т. Correction = (200)?/10 = 4000 Y 
2. Total Sum of Squares = 4500 — 4000 = 500 
3. Between Ms of Trials = 4000 — 4000 = о 4 
4. Between Subjects’ Ms = 4000 — 4000 = © t 
DF Sum of Squares 
Between Trials... nt I " o 
Between Subjects Oe o М. 
Interaction....... ient 4 500 А 
9 500 


variability treated in this рарег. In example 4, five subjects 
have taken a test tevice—scores on the second test are identical 
with those on the first. All of the variance, therefore, is 
attributable to subjects: there is no practice variance since 
there is no difference in mean from trial I to trial 2. Also, 
there is no interaction between subjects and trials as each sub- 
ject scored in trial 2 exactly as he scored intrialr. In example 
B, each subject improves his initial score by 10 points in trial 2. 
Here all of the variance must be attributed to practice. "There 
is no subject variability since all of the subjects scored exactly 
alike in trial r, and exactly alike in trial 2, so that subject 
variability is zero on both trials. Again there is no interaction — 
of subjects and trials, as all subjects reacted alike to a given 
trial Finally, in example C, all of the variance is interaction: 
differential action of practice upon subjects. There is no dif- 
ference between the means and §.D.’s on the two trials and lj i 
hence no practice variance. Furthermore, there is no dif 
ference between the mean scores of the subjects on the two : 
trials (the sum of the two scores for each is 40) and hence 1, 0 
there is no subject variability. ` б Жү КАД 

In actual problems in which there are two criteria of classi- . 
fication the total variance will, ordinarily, be made up of all 


РЕ 5 
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three factors—practice variance, subjects' variance, and inter- 
action. Interaction is our most valid estimate of experi- 
mental error (8, pp. 101-104). In the present problem, the 
practice variance, the sample variance, and the interaction 


TABLE 10 


F-Vatues ғов Practice AND FOR SUBJECTS ІЧ Taree Tests 
(х) Code Learning Test 


(p ory | Subjects Р 

2.52 44-54 2.02 
2.57 73-89 2.29 
3-47 12.74 1.83 
3.58 51.91 2.16 
2.50 26.92 1.95 
д 33.59 r89 
3.60 21.96 221 ў 
3.60 42.04 2.20 


Subjects F | (p Foy 


15.17 2.06 
47.25 2.28 
19.78 1.82 
2294 21 2 
29.67 1.9 
38.95 1.88 
21.12 2.21 
21.6$ 


have been computed separately for each of the eight experi- 

mental conditions under which each test was administered. 

. Practice and subject variance were divided in turn by the 
+ interaction to give the F-ratios shown in Table то. From the 

F-table in Snedecor (14) the critical value of F corresponding 
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to a P of .o1 for the appropriate degrees of freedom was 
determined. Since the obtained values of F far exceed these 
от points, both practice and sample variability contribute 
significantly to the total variance in all three tests. The F's 
are larger for practice, however, than for subjects. Hence, 
it is clear that, in general, practice contributed more than 
sample variability to the total. 

In order to determine more precisely the relative strength of 
our two factors (practice and sample) the ratio of their mean 
squares was next calculated: the mean square for practice was 
divided by the mean square for subjects. This new F was 
evaluated in terms of the F for the .o1 point of P corresponding 
to the appropriate degrees of freedom in the two mean squares. 
Tf the calculated F-ratio exceeded the value of P = .01, it was 


variance than did subject-differences. Table 11 gives these 
data. 

In all cases but one, practice contributes more to total 
variance throughout the experiment than individual differ- 
ences. In most cases the advantage is not significant, but it 
is interesting to find it so consistent. Suppose we assume, 
tentatively to be sure, that, for practice variability constant, 
differences in score represent native differences in ability. 
Then it follows that training (intensive practice) contributes 
more to variability throughout the experiment than native 
differences (16). It could be objected, of course, that subject 


ability; and that practice effect is conditioned by native 
aptitude; in other words that neither factor represents 4 clear- 
cut variable. While this is true to a degree unknown, the 
novel character of our tests and the common packground and 


‘training,’ i.e. opportunity to practice, was constant for all 
subjects. With certain qualifications, therefore, we conclude 
that in our experiments training-(defined as intensive practice) 
was more effective than native differences in making for 
variability. j ; } 


concluded that practice contributed significantly more to total | 


variability represents previous training as well as native _ 


training of our subjects make it probable that sample vari- - 
- ability reflects native differences to a Very large degree. Also, 
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It should be made clear that even if the conclusion just j À 
stated is more nearly true than it probably is, we still.have — 
nothing to say on the general problem of heredity and en- 


TABLE 11 


Tur RELATIVE STRENGTH оғ Practice AND INDIVIDUAL DIFFERENCES IN THEIR 
CONTRIBUTION TO ToTAL VARIANCE 


(1) Code Learning Test 


F F 

Sex (Practice/Subjects) (P = о) 
м 2.01 3.52 
es F 1.47 5.1 
ne M 5.10 3-97 
E F 2.23 4.50 
m M 3.67 3.40 
$8 “ F 2.94 3.30 
Spaced 5.. M 2.96 4.58 
Mi F 2.27 4.58 

n з d ooo 


(2) Symbol-Digit Test 


M 3.60 3.60 
F I.51 419 
M 7-15 $95 4 
F 3.07 4.50 
M 2.24 340 
F 2.10 3.30 
M 345 4-58 
} 2.58 450 


F F 

(Practice/Subjects) (Р = 01) 
M 3407 3.60 
F 1.38 4-19 
M 15.81 3.97 
F 5.87 4.50 
M 3.91 340 
F 1.74 3.30 
M 4.28 4.58 
F 3-51 4-50 


vironment. Our subjects were highly selected college stu- 
dents; and the training was short, intensive, and upon novel ho 
tasks. That such training should influence total variance 

more than differences in native ability is to be expected in 
view of the decided homogeneity of our groups. If the groups 


з 
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had been initially more variable, it is likely that—under the 
given practice conditions—subject variance would have ex- 
ceeded practice variance. 

Practice is most effective for men and for massed trials. 
As may be seen in Table 11, in the seven cases (in 24) in which 
TABLE 12 
SAMPLE AND PRACTICE VARIABILITY OF Mates оу. FEMALES 
(1) Code Learning Test 


Females 


c 


Practice F Subjects F 
_ 


> Males 
Condition „Шш —— 


Practice F Subjects F 


89.51 50.30 73:89 р, 
65.02 115-57 51.91 
98.86 98.69 33.59 
64.93 95-33 42.04 
(2) Symbol-Digit Test 
Males 
Condition ——————— 
Practice F 
‘ 
Massed 10....... eee °; 
Massed 5.. 5. Au 
Spaced 10.. "T 4655 
Spaced $...............- 72.91 
x Condition | 
Practice F ү 
Massed І0................ 6. Wi 
Massed 5... Nen р УЧ 
Spaced то... 96.17 en: 


OUT E MAS 40.89 


practice variance is significantly greater than subject variance; 
five of the seven are for massed practice and six of the seven | 
are for men. This sex difference may be due to one ог both — — 
of two related causes: (1) the effect of practice may be rela- _ 
tively greater for the men than for the womens (2) subject — 
variability may be greater among the women than among the 
men. The latter explanation seems to be the more probable. » 


In Table 12 the practice F’s for women are as often larger than 


А А » 
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those for men as vice versa; but the subject F’s are, in every 
case, larger for women than for men. The relative contribu- 
tion made by individual differences or sample variance to the 
total variance tends, therefore, to be larger for women than 
for men. No consistent differences among the tests or among 
the various conditions appear. 


V. SUMMARY 


Three tasks differing in difficulty were administered to 174 
subjects (college students) under conditions of massed and 
spaced practice. Five-trial and ten-trial work periods— 
covering the same total working time—were employed. The 
following results were obtained: 
| т. Spaced practice is more efficient than massed practice 
for the easier tests. Massed practice gave better results for 
the harder test (see p. 5 56). 

2. For the same working time, 5-trial periods are more 


effective than to-trial periods. This result holds for massed 


and for spaced learning; for hard and for easy tasks. 

3. Women are superior to men in tests requiring language 
associations; men are superior on tests demanding numerical 
and spatial associations. Material is more important than 
difficulty or practice conditions in making for sex differences. 

4. The variability of our groups remained approximately 
constant throughout the total working period. 

5. Both sample variance and practice variance contribute 
significantly to total variance over the work period. Of the 
two factors, practice was more effective than differences 


among individuals in making for variability over the whole 
experiment. 


(Manuscript received December 16, 1939) . 
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EXPERIMENTAL STUDIES IN ROTE-LEARNING 
THEORY. VI. COMPARISON OF RETENTION 
FOLLOWING LEARNING TO SAME' 
CRITERION BY MASSED AND 
DISTRIBUTED PRACTICE 


BY CARL IVER HOVLAND 
Department of Psychology, Institute of Human Relations, Yale University 


IwTRODUCTION 
A number of divergent theories of distribution of practice 


` have as a point in common the explanation that distributed 


practice is effective because the rest pause between successive 
trials permits recovery from effects which interfere with learn- 
ing. Descriptions of the nature of these effects vary greatly 
from theory to theory; the terms ‘interference,’ ‘decrement,’ 


| ‘fatigue, ‘conflicting habits’ and ‘inhibition’ have all been 


applied in this connection.. In these formulations performance 
is assumed to depend upon the strength of the positive learning 
minus the strength of the interfering process, and the further 
assumption is made that the interfering tendencies decrease in 
Strength with the passage of time more rapidly than do the 


positive learning tendencies: 


+ it is the very process of forgetting during the interval which is advan- 
tageous, the less fixed and erroneous responsive tendencies being eliminated, while 
the more fundamental and correct Tesponse suffers only a slight loss in retention. 
At the following period of Practice, therefore, the problem is attacked more 
efficiently because of the loss of these incipient conflicting habits during the 
Preceding interval (20, 21-22). 


This type of theory might satisfactorily explain more 
rapid acquisition by distributed practice. But following the 
same logic one should expect better retention following massed 
Practice, provided the learning by both methods is to the 
same criterion. This prediction follows because with massed 
Practice considerably more Overlearning of the correct re- 
sponses would be required to Overcome the interferences than 
568 


wexperimental programs were required. In four, the learning to 


` 
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with distributed practice where the interpolated rest pauses | 


would prevent the interferences from becoming strongly es- 
tablished. If then during the retention interval 'the less fixed 
and erroneous responsive tendencies’ are eliminated and ‘the 
more fundamental and correct response suffers only a slight 
loss in retention,’ it is apparent that more material should be 
retained following massed than following distributed practice. 

Although this deduction is opposed to educational theory 
as reflected in the common textbook dictum that ‘cramming’ 
is bad for retention, satisfactory evidence concerning this 
point is not available. That there is some possibility of the 
predicted experimental outcome is suggested by somewhat 
analogous results of both Ebbinghaus (4) and Woodworth (21) 
which show that long lists which require more trials to learn 


are better retained. On the other hand are the results of Eb- . 


binghaus indicating that thirty-eight distributed repetitions 
were better retained on the following day than were sixty- 
eight continuous readings, and that a list learned for the first 
time by massed practice was less well retained than following 
relearning with a day interval between readings. Crucial 
evidence concerning the relative retention following massed 
and distributed practice is therefore needed. The present 
study is devoted to this problem. | 

The procedure employed in the present study must be 
distinguished from that used in other distributed practice 
studies. Inthe customary distribution of practice experiment 
(cf. e.g. Robinson (17), Jost (14)) the subjects were given the 
same number of trials by massed and distributed practice and 


+. 


the retention following each compared. In the present ex- 


periment retention was compared following learning to the same ——— 


criterion by massed and distributed practice. 


EXPERIMENTAL PROCEDURE 


The experimental procedure was designed to permit comparison of the retention, 
at four different intervals, of materials learned to the same criterion by either massed 


or distributed practice. In order to have each subject act as his own control, eight 
the criterion of one 


perfect recitation was by massed practice (six seconds between repetitions); in the other 
four, by distributed practice (two minutes between repetitions). 
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. Method of Learning Retention Interyal 
.... Massed Practice 6 seconds Г 
-. Massed Practice 2 minutes 
. Massed Practice IO minutes 
. Massed Practice 24 hours 
«+.» Distributed Practice 6 seconds * 
.. Distributed Practice 2 minutes 
7 -. Distributed Practice IO minutes 
8. ++ Distributed Practice 24 hours 


After the appropriate interval, the subjects relearned by massed practice to the original 
criterion of one perfect recitation. This procedure permitted both recall and relearning 
scores to be used. Each subject completed two cycles, learning a total of 16 lists in 
counterbalanced arrangement. 

Conditions of the experiment and the general procedure have already been out- 
lined (8). The materials were nonsense syllables learned by the serial anticipation * 
method at a two-second rate of syllable Presentation. The instructions forbade 
rehearsal during the interval between learning and recall. As an added precaution, 
however, during the two-minute rest pauses between trials during distributed practice, 

^ and during the two-minute and the ten-minute intervals between completion of learning 
and testing of retention, the subjects named automatically presented colors. In the 
case of the twenty-four hour interval between learning and recall, the subjects named 
colors for two minutes following learning and for two minutes preceding the tests of 
retention. 

Sixteen bands containing twelve syllables plus a cue symbol were employed for the 

. main experiment. The standard rules for construction of lists were employed. The 
lists were systematically rotated as previously described (тт). 

x "Thirty-two Yale College students were employed as subjects. Subjects learned 
the lists at the same time every day except Sunday. In the case of the twenty-four 
hour retention tests, a day elapsed between the recall of the previous list and the 
learning of the next. Systematic balanced practice orders were prepared in advance 
and strictly followed. The subjects were unaware of the purpose of the experiment 
and were not told in advance what procedure would be employed on a given day. 
Subjects who had been employed in previous experiments had only four practice days. 
Those serving for the first time were given eight practice series. Practice was given 
in learning by both massed and distributed trials, and with all four recall intervals. 


Rzsurrs 
A comparison of the various experimental programs in 
terms of the number of trials required to reach the criterion 
performance is first presented (Table 1). None of the dif- 
ferences between the Programs within the massed or within 
the distributed practice Broup are statistically significant, 

* but there is a significant difference between the number of 
trials required to learn by massed practice and the number. 
required to learn by distributed practice. This difference in, ^ 
favor of distributed practice for acquisition is in accord with 
results reported by earlier investigators. 3 
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The principal results of the experiment are those bearing 
upon the retention, in terms of recall and relearning, following ^ 
the learning by massed and distributed practice, Table 2. . 
gives the mean number of syllables correctly recalled after 
varying time intervals following learning to one perfect recita- 
tion by massed and distributed practice. It will be observed & 
that at every interval the retention is higher for the materials 


TABLE 1 


Averace NUMBERS or TRIALS то LEARN TO CRITERION or One Perrect RECITATION 
WITH EACH EXPERIMENTAL PROGRAM (rox DESIGNATION ОР PROGRAMS 
cf. EXPERIMENTAL PROCEDURE) 


Method of Learning Program 


Massed Practice 


Distributed Practice 


OIA ROMS 
pJ 
$ 


learned by distributed practice. The difference is statistically — 4 
significant at the ten-minute and twenty-four hour intervals — 
(critical ratios are 5.2 and 6.7 respectively). 

Another method of comparing retention is by determining 
the percentage of subjects recalling more following massed and 
the percentage recalling more following distributed practice 
at the various time intervals. These results are given im " 


TABLE 2 


AvxxAGE Numner or SvniABLES Correctiy RECALLED AT Various INTERVALS 
Foutowino Learninc nv Massen anp Distrinuten PRACTICE (Елси VALUE 
Basen ором 64 DETERMINATIONS—2 FOR EACH OF 32 Ѕивјкств) 


Interval between Learning and Recall _ 


у di poe s 
E М 
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Table 3. The same trends indicated in Table 2 are also shown 
_ by this method of computation. The present results support 
those of Patten (16) indicating that recall at a ten-minute 
interval is better following distributed than following massed 

' . practice. 

It will be observed that in Table 2 recall is lower at every 
time interval than it was on the criterion trial where a perfect 
Tecitation was required. This result is in accord with earlier 
studies. Ward (19) has pointed out that this will occur when 
learning is carried to a given criterion, since under these cir- 


TABLE 3 & 


PrncENTAGE or SugjEcrs RECALLING MORE SYLLABLES FOLLOWING MASSED 
ов DISTRIBUTED Practice AT VARIOUS TIME INTERVALS (32 $ивукстз). 
SrANDARD Errors or PERCENTAGES ARE GIVEN IN 
pe" PARENTHESES BELOW PERCENTAGES 


Percent Recalling 


Interval between Percent Recalling Percent Recalling Equal Number 
Massed 
a Ste] адуи | More folowing. | tollgwing Mane 
V Practice 
ee 
бзен Week, 43.8 21.8 344 y 
(087) (073) (084) ‘ 
I GEES) Se epee 37. 25.0 37.5 А 
ji Cae) (975) Сов) 
Io mins. 6. 6 “5 
46.9 15 37, 
(.088) (.065) (086) 
ОТ А M 688 . 94. 21.8 
j i (.082) (.052) (073) 


cumstances the peak of a constantly fluctuating performance 
18 systematically used as the criterion and the average per- 
formance on the next trial, not being so selected, will usually 
show a decline. It will also be seen that an initial increase in 
recall (‘reminiscence’) is obtained following learning by 
massed practice, but not following distributed. This confirms 
а previous study of the writer (8). This result, taken in” 
conjunction with the higher level of recall following dis- 
| tributed practice, suggests that reminiscence is the resultofa 
~ depression of performance at the end of practice, not a true | 
increase with the passage of time. р 
In Table 4, the retention at various intervals following 


— LN 
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TABLE 4 


COMPARISON OF PERCENTAGES OF MATERIAL CoRRECTLY RECALLED AT VARIOUS | 
INTERVALS FOLLOWING MASSED PRACTICE IN PRESENT EXPERIMENT 
AND IN Stupres oF Lum (13) AND Warp (19) 
(Recall at 6 sec. interval = 100 percent.) 


6 Sec. 2 Min. ro Min. 24 Hrs. 
Present study 100 104 86 24 
Ward 100 107 go PS 
Luh. 100 "uS vam 22 


massed practice in the present experiment is compared with 
the results of other investigators. From the data of Table 2, 
the percentages of retention in the present experiment have 
been derived. These results are compared with those of Ward ~ 
(19) upon immediate, two-minute and ten-minute retention, 
and those of Luh (13) (recalculated by Ward) upon immediate 
and twenty-four hour retention. For all comparisons, the 
base (100 percent) is the immediate recall (six-second reten- 
tion). It will be observed that the present massed practice ' 
results are closely similar to those of Ward and Luh, despite 
the fact that in their studies the individual letters were recited, 
while in the present investigation the entire syllable was the | 
unit. No closely comparable data were available for com- 
parison with the present results on retention following dis- 
tributed practice with a rest interval between each trial. _ 
Further results on retention are given in Table 5. Here 
are presented the number of trials required to relearn to the 


TABLE 5 


AvERAGE NuMBER or Trrats REQUIRED TO RELEARN TO CRITERION OF One PERFECT 
RECITATION AT Various INTERVALS FoLLOWING LEARNING BY 
Masseb AnD DISTRIBUTED Practice (2 DETERMINATIONS * 
UPON EACH OF 32 SUBJECTS) M 


Interval between Learning and Relearning 


" Method of Learning 


Massed Practice... 


Distributed Practice. 
9M.... ent nn 


Critical ratio 
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criterion of one perfect recitation after various time intervals _ 
following learning by massed and distributed practice. These 
results show exactly the same differences between massed and 
distributed practice as did those on recall scores. At every 
time interval, the material learned by distributed practice is 
relearned with fewer trials than that learned by massed, all of 
the differences except at the two-minute interval being | 
statistically significant. ТаЫеб confirms these results. This 


TABLE 6 


PERCENTAGE oF Sunjects RELEARNING MORE RAPIDLY WHEN ORIGINAL LEARNING 
was BY Massep ox Distrisutep Practice (32 SUBJECTS) 


Standard errors of percentages are given in parentheses below percentages 


Е 
* Relearni; Percent Relearning Percent Relearning 
y more Rapidly Equally Rapidly 
following Learning following Learning 
by Massed by Massed and 
ractice Distributed Practice 
E 31.2 25.0 
' y (.082) (077) 
i ] 28.1 31.2 
Ў (.079) (082) 
S ECE КЕИ 5 15.6 31.2 
К (.064) (.082) 
M 5185 р 12.5 15.6 
м (059) (.064) 
La. —— — ————_——г————_——— 


table gives the percentages of the subjects who relearned with 
fewer trials by distributed than by massed practice. The 
advantage of the distributed practice learning becomes espe- 
cially evident at the longer time intervals.) The present 
results on relearning do not agree with those of Patten (16). 
As an incidental observation he found that relearning after 
ten minutes was more rapid following massed practice than 
following distributed. He is unable to account for the di- 
vergence of these results from those on recall. 


2 For the present comparisons the absolute numbers of relearning trials are required 
rather than the more common “savings scores’ since otherwise a different base would be 
involved for massed and distributed practice. 

2 A recent experiment by Cain and Willey suggests that the divergence between — 
recall following massed and distributed practice becomes even more marked at longer 
intervals (three and seven days). (Cain, L. F., and Willey, R. de V. The effect of 
spaced learning on the curve of retention, J. exper. Psychol., 1939, 25, 209—214) а 
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Retention curves are plotted in Fig. 1 for recall and Fig. 2 
for relearning. The time units are spaced logarithmically. 
It will be seen that following the first two minutes, retention 
(both in terms of recall and relearning) decreases almost 
linearly with the logarithm of time. This is in accord with’ 
Strong’s results using the recognition method of testing re- 


0-——-0 DISTRIBUTED PRACTICE 
@— MASSED PRACTICE 


Го € iR c DA Со «o 


MEAN NUMBER SYLLABLES RECALLED 


-l 0 [ 2 B. 
LOG OF TIME INTERVAL (IN MINUTES) ri 
Fic. т. Mean number of syllables recalled at various time intervals following 
learning to one perfect recitation by massed and distributed practice. Time intervals b 
are spaced logarithmically. Each point is mean of 64 scores (2 upon each of 32 
subjects). Е 
tention (cf. Woodworth (22)). The initially slow decline in 
recall might be attributed to the presence of some interfering N 
process which masks the true extent of learning. It is appa- [vs 
Tent, however, that even with Strong’s data, extrapolation on =~ 
' the basis of the logarithmic relationship to а near zero re- — 
tention interval (v.g. 1/1000 sec.) would give a ridiculously 
high value. ' Bi 
Incidental data are available in the present study with 


La 
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respect to an apparent divergence between the results of Hull 
(тт) and Ward (19) as to the relative recall in the various 
serial positions. Hull showed that after a time interval of 
20.5 hours, recall is no better at the ends than at the center of 
the list. He contrasts these results with the curve of recall 
at the various serial positions during the comparable stage of ` 
original learning. Hull concludes that “whatever is responsi- 


9— —9 MASSED PRACTICE 
o----9 DISTRIBUTED PRACTICE 


“ 0° ] 2 

LOG. OF TIME WTERVAL (IN MINUTES) 

j Fic. 2. Mean number of trials required to relearn to criterion of one perfect 

. Tecitation after various time intervals following learning by massed and distributed 

. Practice. Time intervals are spaced logarithmically. Each point is mean of 64 scores 
(2 upon each of 32 subjects). 3 


ble for the special difficulty in the central portion of the series | 
(or for the special ease at the two ends) has ceased to operate 
after a period of 20.5 hours? (р. 262). Ward, on the other і 
hand, found pronounced serial position effects with time 

i intervals up to twenty minutes between learning and recall. 
He states that the better retention of the end syllables is “in ^ — 
rather marked contrast to the findings of Hull." He suggests 
that the discrepancy is “probably due only to differences in. 
time of testing retention” (p.37). In Fig. 3, 4, are given the E. 


+ 


ROTE-LEARNING THEORY. VI 577 


10 
.9 
.8 
4: 
6 
5 
4 
3 
2 
53 A 
c9 
© 
= 
10 
d 
8 ` 
u-.7 N 
" о Б N 
5 
cc р? ——— 24 hr. retention 
m3 -—-— original learning 
=> 2 
2 4 Е 
0 
Zio 
ы 
= 3 
Г E 
.6 
15 
4 
.3 
je 
T C 
0 


123456789 10 l2 
SYLLABLE ^ POSITION ^ 


Fic. 3. 4. Mean number of errors in successive serial positions during recall 
10 minutes after learning by massed practice. В. Mean number of errors in кр 
serial positions (т) during first recall trial 24 hours after massed practice learning and 
(2) during original learning at comparable stage of performance. С. Mean АЧЫ 
ОЁ errors in successive serial positions during second trial of relearning (first trial fol- 
lowing recall) 24 hours after massed practice learning. ‘All values based upon mean 
of 64 cases (2 upon each of 32 subjects). 
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number of errors in each serial position in the present experi- 
ment when recall is ten minutes after massed practice learning. 
At this interval, the usual serial position effects are clearly 
evident. The results are closely similar to those of Ward. 
In the present experiment, the average number of syllables 
"correctly recalled in the end syllable positions (3—4-11—12) at 
the ten-minute interval was 3.48. At the same interval 
Ward's subjects recalled 3.29 in these positions. For the 
central syllables (6-7-8-9) the subjects in the present study 
recalled 2.49; Ward's, 2.29. The ratio of the difficulty of ће 
central to the end syllables is thus 1.40 in the present experi- 
ment, and 1.43 in Ward's, a remarkable ágreement in view of 
differences in experimental procedure. After a twenty-four 
hour interval, however, no consistent serial differences appear 
(Fig. 3, B). The dotted line in Fig. 3, B; shows the errors in 
the various serial positions at the comparable stage of original 
learning. The contrast is apparent. These results then indi- 
cate that there is no inconsistency between the results of Hull 
and Ward. At short intervals pronounced differences in the 
ratio of difficulty of the central to the end syllables are appar- 
ent, but long intervals appear to obliterate these differences. 
While the curve of errors in the successive syllable positions 
is relatively flat on the first recall trial after a twenty-four hour 
interval, the customary greater difficulty of the central sylla- 
bles is clearly seen on the very next trial. Figure 3, C, gives 
the number of errors in the various serial positions on the 
relearning trial immediately following the first recall trial at — 
the twenty-four interval. The difference between this curve ^ | 
and that for the first recall trial (Fig. 3, B) is evident. 


$ Discussion — І 


Тһе present results showing the superiority of distributed 4 
Practice over massed for retention are in flat contradiction to " 
the deduction from the identical postulates most frequently | и 
employed in explaining rapid acquisition by distributed prac- 
tice. It thus appears that either the postulates customarily 
used are erroneous or additional factors are operative in this 


situation which require the introduction of new postulates. 4 
#76 52) 
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The validity of one of the postulates mentioned in the In- 
troduction, namely, that the interferences (‘inhibitory effects"): 
decline in strength more rapidly than the positive learning 
process, has already been called into question, at least in the 
case of conditioned discrimination, by Hilgard and Humphreys 
(7). These investigators found no significant differences in 
the retention of responses to positive and negative stimuli 
after intervals up to 19 months. The specific difficulty raised 
by their experiment, if found also to obtain in nonsense syllable 
learning, could, of course, be circumvented by assuming that 
the positive and interfering processes differ in strength and 
that this difference, rather than dissimilarity in the nature of 
the processes, is the significant factor in determining the rela- 
tive rate of decline. The difference in strength, they point 
' out, could be due either to prior establishment of the positive 
tendencies, or to greater overlearning. Despite. any such 
modifications, however, the basic disagreement between the 
predicted and obtained outcome of the present experiment 
would remain. 

Two modifications of the basic postulates suggest them- 
selves as means of bringing the original theory into line with 
the experimental facts. The first alternative would involve a 
reformulation of the rate of decline of the interfering processes. 
In the present systems, such as the one put forward by Hull, 
Hovland, Ross, Hall, Perkins and Fitch (12), it is assumed 
that the interferences decrease according to the same general 
function as the positive tendencies, but at a more rapid rate, 
and that both functions become asymptotic to zero. As an. 
alternative it might be assumed that the interfering process 
does decrease rapidly at first, but that it then becomes asymp- 
totic to a positive value considerably above zero. In this case 
inferior retention would be expected following massed practice 
because the interferences would still be present even after a 
long period of time. The difference in the initial rate of de- 
cline of the two processes could still account for the reminis- 
cence phenomenon. Unfortunately, we have at present so 
few data by which this possibility could be tested that по 
decision as to its adequacy can be made, and the formulation is. 
therefore ad hoc. à à 
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'The other possible revision would be the addition of one 
or more postulates expressing the substance of the Jost laws, 
i.e., that a new repetition strengthens an older more than a 
younger association of equal strength, and that older associa- 

` tions decline less rapidly than younger ones of equal strength. 
This would resolve the present difficulty, since the associations 
learned by distributed practice have an average age greater 
than those learned by massed because of the interpolation of 
rest pauses. Hence they should be better retained, and 
strengthened to a greater extent by repetition. This altera- 
tion would, however, frankly be another attempt to cover the 
j specific difficulty raised by the present study. The writer is 
of the opinion, moreover, that Jost’s laws themselves require 
* explanation, since they do not explain the difference in re- 
tention as a function of age of association, but merely describe 
it. In other words, it would seem that in a well-integrated 
. theory of learning Jost’s laws should be deductions from 
general principles rather than basic postulates. An explana- 
tion of the second law on the basis of the negative acceleration 
of the forgetting curve would be an attempt in this direction. 
Tt may very well turn out, as has frequently happened before, 
that age is not the fundamental variable, but is only incidental 

_ to more basic factors.? 

An alternative to revising the present postulates would be 
the adoption of some other theoretical system, in the hope of 
covering all of the phenomena more satisfactorily. Unfor- 
tunately, however, one finds that just as the systems which 
best explain rapid acquisition by distributed practice seem to 
have no systematic account of better retention following 
‘distributed practice, so most of those which suggest satisfac- 

, tory explanations for better retention have difficulty in explain- 

ing more rapid acquisition. Gates’ theory (5), for example, 

m explains superior retention following distributed practice оп 
the basis of overlearning which comes with successive relearn- 

ing. His illustrative diagram is well known and widely 
quoted. This type of theory, however, would demand that 

3 Cf. McGeoch: “In scientific descriptions of nature time itself is not employed 
ав a causative factor . . . " (15, p. 359). 
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distributed practice require more trials to reach a given 
criterion of performance, because of the greater overlearning _ 
involved, a deduction not in accord with experimental 
evidence. ' | 

Similarly, Guthrie’s analysis might successfully predict 
better retention following distributed practice on the basis of ' 
a differential alienation of cues. He might state that during 
massed practice postures, movements, tensions and the like 
are more or less continuously present, and hence by condi- 
tioning become closely attached to the verbal responses. 
When practice ceases these cues are rapidly eliminated, since 
they become incidental accompaniments of other situations, 
and thus lose their associational connections with the first 
responses. Rapid forgetting therefore occurs. He might 
contend, however, that with distributed practice the learning 
is protracted over a longer period of time so that the postures, 
movements, tensions and other incidental cues are successively 
conditioned and alienated. Only the relevant associational 
cues furnished by the syllables in the list persist from trial to 
trial. With the passage of time responses learned by dis- 
tributed practice should, therefore, remain relatively stable, 
since the incidental cues have been already differentiated and 
eliminated, and only the direct associational cues remain 
operative. This theory, however, would likewise demand a 
longer period for learning by distributed practice to permit 
the constant substitution of stable associations to take the 
place of the incidental ones which are being lost, unless addi- 
tional assumptions are introduced. ! 

Snoddy's (18) theory of *primary and secondary growth* 
could successfully predict the present results without too great 
dificulty. It might be assumed that distribution of practice 
promotes primary growth which is said to be enhanced by ` 
interpolated time. Rapid acquisition could be thus explained. 
Furthermore, primary growth is supposed to be quite stable 
and this might account for the good retention of material $ 
learned with interpolated rest pauses. Massed practice might | 


be assumed to produce both primary and secondary growth. _ 


The acquisitions of the latter are assumed to be transient and 


* * 
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unstable, and this might explain their poor retention. It is, 


of course, the virtue of such a two-process theory that it can 
"predict! any phenomenon if it is given freedom to specify the 
extent of operation of the two opposed factors. “Until more 
information is available, therefore, concerning the situation in. 
. which primary and secondary ‘growth’ are alleged to operate, 


judgment must be suspended as to the adequacy of this sys- 


tem. A number of vulnerable points in the theory have been 
pointed out by Doré and Hilgard (3). ' 
Another ‘dualistic’ theory has been advanced by Cook (1). 


He insists that a clear distinction must be made between in- ' 


telligent learning, which consists of the appearance of insight 
and the discovery of relationships, and mechanical learning, 
which is the fixing and setting of material already understood. 
On the basis of this dichotomy he makes a number of deduc- 
tions, including one stating that “‘massing should be more 
economical for immediate recall and distribution for delayed 
recall.” While his own data on puzzles do show an advantage 
of massed practice during the first few trials, experimental 
results in general have refuted this deduction by showing that 
distribution is not only economical for delayed recall but also. 
for immediate, at least where the trial is the unit employed in 
computing economy. 

It would seem that a more valuable distinction for our 
purposes could be made between factors favoring rapid 
acquisition and those promoting better retention. It is sur- 
prising to find how frequently it is assumed that the same 
factors which might explain rapid acquisition would also 
explain better recall. One excellent text book (2), for ex 
ample, says under the topic of ‘Acquiring’ that “in the 
learning of practically any kind of habit, economy is found by 
spacing the practice with time intervals instead of attempting 
to get it completely formed all at one sitting. This is one of 
the reasons why ‘cramming’ has always been looked upon as 2 
good enough method to prepare for certain mechanical types of 
quizzes, perhaps, but surely a bad one for anything like per- 
manent retention." * : 


*P. 410.' Italics the present writer's. 
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Factors of the first variety, promoting more rapid асфи1з1- 
tion by distributed practice, have already been discussed by 
the writer (9, то). . These are of-two general types, similar to 
those suggested by Doré and Hilgard (3). The first group 
may be labelled ‘performance factors.’ Here one refers to 
influences such as fatigue, refractory phase and the like which 
mask the true extent of learning. Rest pauses may permit ` 
recovery from these effects and hence bring about more rapid 
learning. Opposed to these influences are ‘learning factors.’ 
During acquisition both incorrect (and therefore interfering) 
and correct associations are constantly being established. 
Distributed practice may be effective because it permits a 
differential weakening of these two types of associations. If, 
because of differential strength, the interfering associations 
weaken more rapidly than the correct associations, a net gain 
in performance would result from interpolation of rest pauses. 

The other phase of the analysis would involve determining 
the reasons for better retention following distributed practice. 
Why should two lists which can be recited equally well at the 
present time differ at a later time in their recallability as a 
result of differences in the method involved in the original 
acquisition? Again, both performance and learning factors 
may beinvolved. The work or performance factors, however, 
can only result in superior retention of materials learned by 
massed practice. The passage of time would permit recovery 
from decremental effects and, since these are always assumed 
to be greater with massed practice, the materials learned by 
this method should recover most. Learning factors must 
therefore be paramount in all situations where superior reten- 
tion is found following distributed practice. Some of the 
learning factors we have already discussed. Differences in - 
the average age of associations learned by massed and dis- 
tributed practice, for example, may be involved. Another. 
difference may exist in the nature of the practice involved. ý 
Distributed practice involves periodic recall after a no-practice 
interval, and each practice trial might therefore be said to be 
similar to the final recall. Tf the more nearly the practice ap- 
proaches the situation in which the material is to be recalled, 
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the more effective it is, the deduction follows. Lastly, the 
rate of decline of correct and incorrect associations with the . 


passage of time may be a factor influencing retention as well as 


acquisition. If interferences decline rapidly and completely 
we should expect superior retention following massed practice, 
as outlined in the Introduction. If, on the other hand, they 
decline rapidly at first but then level off at a value above zero, 
inferior retention following massed practice would be pre- | 
dicted. To cover both reminiscence and distribution of 
practice phenomena, it might parsimoniously be assumed ; 
that the rate of decline of a response is inversely proportional 
to its strength. Then the recently acquired and weak inter- 
ferences might decline rapidly while the older and more firmly 
fixed interferences would be present for a considerable time 
following cessation of practice. The rapid decline of the weak _ 
interferences could account for reminiscence, while the slow 
decline of the stronger interferences would be able to account 
for the poor retention following massed practice. 

The implication of the above discussion is clear: we cannot 
make precise predictions about learning phenomena until we 
know much more than we now do concerning the factors: 
involved. At present, for example, we do not know the 
extent of operation of ‘performance’ and ‘learning’ factors, 
nor the relative rate of decline of correct and incorrect asso- 
ciations. Extensive research is therefore demanded. Опе 
profitable method of approach would be the comparison of 
reminiscence and distribution of practice phenomena in a wide 
variety of learning situations, differing in the relative im- 
portance of performance and learning factors. Pursuit-rotor 
learning, nonsense syllable learning and puzzle solving are 
suggested as three basic types differing in this respect. ВУ 
systematic comparison of acquisition and retention of such ( 
materials valuable information as to the extent of operation 
of the two types of factors could be obtained. Additional 
work must also be directed to the problem of retention of 
correct and incorrect associations at all levels of learning: 
Only after such data are obtained can accurate predictions 
be made. 
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SUMMARY AND CONCLUSIONS 


A comparison was made of the retention of nonsense syl- 
lables learned to the same criterion by massed and distributed 
practice. Thirty-two college students served as subjects, 
learning twelve syllable lists to a criterion of one perfect recita- 
tion by the anticipation method. Six seconds elapsed between 
trials during massed practice and two minutes between trials 
during distributed practice. Retention was tested at intervals 
of six seconds, two minutes, ten minutes and twenty-four 

„hours, but only one interval was used following the learning of 
agivenlist. Between distributed practice trials and between 
learning and recall (with the exception of the twenty-four 

.hour interval) the subjects named colors automatically pre- 
sented; no rehearsal was thus possible. 

The principal results were the following: 

т. Recall was better following learning by distributed 
practice than following learning by massed practice at every 
time interval despite the fact that fewer trials had been spent 
in learning by distributed practice. This superiority was 
reflected in the greater percentage of subjects recalling more 
after distributed practice learning than after massed practice 
learning. 

2. Similar results were obtained when the numbers of 
trials required to relearn to the original criterion after each 
interval were computed: fewer trials were required to relearn 
at every interval when the original learning had been by dis- 
tributed practice. This was found to hold not only for aver- 
ages but for a majority of the individual subjects as wel. ^. 

3. Forgetting curves were plotted with the time intervals 


spaced logarithmically. Following the first two minutes, both 


recall and relearning showed a practically linear decrease as a 
function of the logarithm of the time. During the first two 
minutes, however, both curves show a slow rate of forgetting, 
that following massed practice actually showing an initial in- 
crease in retention (‘reminiscence’). The apparent dives. 
gence between the curve for distributed practice and massed 
Practice learning becomes greater with the passage otme 
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4. The discrepancy between the results of Hull and of Wie 
Ward with respect to serial position effects is shown to be | — 
simply a function of the time interval between learning and 
recall. Pronounced serial position effects are found at the 
ten minute interval, but after twenty-four hours serial position 
effects are practically absent. On the very next trial (second 
relearning trial), however, marked differences in the various 
serial positions are evident at the twenty-four hour retention 
interval. 

It appears that the major results of the present experiment 

cannot be explained solely on the basis of a differential rate of A 
decline of the positive learning and of an interfering ргосев - 
the most commonly accepted theory for distributed practice. 
It seems necessary to distinguish clearly between factors 
contributing to more rapid acquisition by distributed practice + 
and those contributing to better retention following learning by ` Р" 
distributed practice. Possible differential factors аге sug- - 
gested. 
.. By assuming that interferences decline at a rate inversely ү 
Proportional to their strength, the present results can be 
reconciled with reminiscence data. It would be assumed that — 
both more weak and more strong interferences are built up 
with massed practice than with distributed. The rapid 
elimination of the weak interferences would be used to explain 
reminiscence. The strongly established interferences would 
be then expected to impair recall for a considerable period 
following massed practice, so that retention would be superior 
following distributed practice, where fewer strong inter- 
ferences are assumed to be established. 


(Manuscript received December 16, 1939) 


REFERENCES ‘ à 

1. Coox, T. W., Massed and distributed practice in puzzle solving, P. sychol. Ret, 1 
1934, 41, 330-355. 

2. Dasnigu,, J. F., Fundamentals of general psychology, New York: Houghton, 00 
Mifflin, 1937. 

3. Doré, L. R., амо Нислкр, E. R., Spaced practice as a test of Snoddy's 090, 
processes in mental growth, J. exper. Psychol., 1938, 23, 359-374" 

4. Еввіхонлоѕ, H., Uber das Gedächtnis, Leipzig: Duncker and Humblot, 1885. 


ROTE-LEARNING THEORY. VI — - 587 Mi 


5. Gates, A. I., Psychology for students of education (Rev. ed.), New York: Macmillan, 
1930. 
6. Сотник, E. R., The psychology of learning; New York: Harpers, 1935. 
7. Нислвр, E. R., ann Humpareys, L. G., The retention of conditioned discrimina- 
tion in man, ik gen. Psychol., 1938, 19, 111-125. 
8. Hoviann, C. I., Experimental studies in rote-learning theory. I. Reminiscence 
following iris by massed and by distributed practice, J. exper. Psychol., 
1938, 22, 201-224. 
9. Hovzrawp, C. I., Experimental studies in rote-learning theory. III. Distribution * 
of practice with varying speeds of syllable presentation, J. exper. Psychol., 1938, * \ 
23, 172-190. Y 
то. Hovianp, C. I., Experimental studies in rote-learning theory. V. Comparison 
of distribution of practice in serial and paired-associate learning, J. exper. / 
Psychol., 1939, 25, 622-633. He 
11, Hutt, C. L., The influence of caffeine and other factors on aoe phenomena of 
rote E J. gen. Psychol., 1935, 13, 2497274. 
12. Hurr, C. L., Hovianp, C. I., Ross, R. T., Hatt, M., Penxins, D. T., AND Егтсн, 1 
E ааа а ЕЛ; of rote learning—a study in scientific methodology, Nen 
New Haven: Yale Univ. Press, 1940. Ж 
* 13. Lun, С. W., The conditions of retention, Psychol. Monogr., 1922, 31, No. 142. 
14. Jost, A., Die Assoziationsfestigkeit in ihrer Abhüngigkeit von der Verteilung der stud 
Wiederholungen, Zsch. f. Psychol., 1897, 14, 436—472. iy 
_ 15. McGzocn, J. A., Forgetting and the law of disuse, Psychol. Rev. 1932, 39, 352-370. _ 1 
16. Parren, Е. F. ; The influence of distribution of repetitions on certain rote learning — 
phenomena, J. Psychol., 1938, 5, 359-374. HN 
17. Ronrnson, Е. S., The relative efficiencies of distributed and concentrated study іп | v» 
memorizing, J. exper. Psychol., 1921, 4, 327-343- 
18. Snoppy, G. S., Evidence for two opposed processes in mane) growth, Lancaster (Pa.): 
Science па) 1935. 
19. Waro, L. B., Reminiscence and rote learning, Psychol. Monogr., 1937, 49, No. 220. 
20, WARDEN, C. J., The distribution of practice in animal learning, Comp. Psychol. 
Monogr., 1923, 1, No. 3. 
21. Woopwonrx, R. S., The influence on retention of conditions favoring quickness of 
learning, J. Phil, 191$, 12, 246. 
22. Мооржовтн, R. S., Experimental psychology, New York: Henry Holt, 1938. 


‘HYPOTHESES’ AND ‘RANDOM ACTIVITY’ 
DURING THE CONDITIONING OF DOGS! 


BY W. N. KELLOGG AND IRVIN S. WOLF 


Indiana University 


I. INTRODUCTION 


It has been suggested by numerous authors that the con- 
cept of trial-and-error learning is inaccurate, if it is meant to 
imply that the early approach to the learning problem is made 
up wholly of ‘random exploratory movements’ or “chance 
responses.’ The concept of Gestalt insight, the ‘means-end- 
readiness’ of Tolman (8, 9) and the ‘hypotheses’ of Krechev- 
sky (3, 4, 5) all stand out as exceptions or alternate proposals 
of what takes place during the learning process. Krechevsky | 
in particular has emphasized the point that the learner's 
activity breaks itself up into systems of action (‘hypotheses ’) 
which give a certain coherence to the behavior throughout à 
number of trials. Although there have been critics of this 
view (7, 10), the fact has become well established that there 
are sequences of behavior in the process of learning which are 
knit together with a consistency beyond the influence of pure 
chance. 

Experimental data related to the problem have been con- 
fined, for the most part, to the behavior of rats in the solution 
of problems which are considered to be at a fairly difficult 
level for these animals. It is our purpose here to present 
evidence to show that consistent behavior with sudden oF 
abrupt modifications (which may themselves persist) are to be 
found even in the flexion conditioning of dogs. And that, if 
the proper recording techniques are used, it is not necessary _ 
to suppose that insight or ‘hypotheses behavior’ is something 


1The research work, upon which this publication from the Indiana Conditioning | 
Laboratory is based, was made possible by a series of grants-in-aid of research from 
the University, and by continual assistance from the National Youth Administration 
of the United States Government. ` 
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which is entirely incompatible with the traditional ‘condi- 
tioned reflex.’ 


II. CONDITIONING PROCEDURE 


"The animals which were conditioned were placed individually in a small sound- 
proofed room, in which they could be observed through one-way-vision windows. 
"They stood within a heavy wooden framework or stock which was bolted on top of a 
table. Each foot was strapped to light balanced levers which permitted a vertical M. 
movement of 4 inches. The animal’s head was held by means of an adjustable wooden 
collar, and a loose strap was passed under the abdomen. 

"The conditioned stimulus was either the sound of a doorbell buzzer or a pure tone 
of 1000 ~ of 50-55 db. intensity. In either case its duration was z sec. The buzz was. 
sounded alone for 1.8 sec. before the presentation of the unconditioned stimulus, and it 
coincided with the latter for the final .2 sec. The unconditioned stimulus was either 
ап a.c. or a d.c. shock delivered through stainless steel electrodes securely taped to the _ 
anterior and posterior surfaces of the foot just above the toes. The intensity of the 
shock stimulus was in all cases adjusted so as to be just strong enough to elicit an uncon- 
ditioned flexion reflex of 4 inches. Resistance changes or other conditions within the 
organism which altered the effectiveness of any particular setting of the stimulus, were 
immediately counterbalanced by a new adjustment. j 

The apparatus used for most of the subjects permitted the obtaining of simul- 
taneous graphic records of the movements of all 4 feet, the respiration, and buzz, 
shock, and time for every trial. It therefore gave a fairly good picture of the behavior 
of the whole organism. It is chiefly through the technique of recording more than — 
the responses of the conditioned member that the changes in general activity reported _ Wi 
in this paper have been brought to light? 2 Qd y 


III. OssERvATIONs on ‘RanpoM’ BEHAVIOR í 


Trial-and-error in Conditioning.—The flexion CR in dogs — 
has usually been described as developing from the general | 
activity of the early trials. Since the dog is necessarily con- 
fined in the experimental situation, the most ‘random’ ac- 
tivity he can possibly display is to lift all 4 feet in rapid suc- 
cession, throw his body from side to side, bark or howl, and 
attempt to jerk his head from the restraining collar—in other 
words, to struggle. At the start of the training, it is said, the 
animal struggles to the unconditioned shock stimulus. Later 
he transfers the struggle or random activity to the buzz, and 
finally he gradually reduces the unnecessary responses of the - 
non-shocked feet, leaving only the localized flexion CR. Tf 


* For а more detailed description of the procedure and mechanism of recording, 
вее Kellogg, Davis, and Scott (2). | 


r * A review of the literature on this subject has been given elsewhere by the present 
writers (11). у at 
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the responses of the non-shocked feet are now regarded as 
‘errors,’ then their gradual elimination is not unlike the 
elimination of errors in the typical trial-and-error experiment. 

Our own observations have indicated that a trial-and-error 
description of this nature does not fit a good proportion of the 
cases, although it holds for many. These observations are 
supported by the conditioning of nearly 60 animals in a num- 
ber of different experiments, and include the conditioning of 
all 4 limbs separately as well as the ‘bilateral’ or simultaneous 
conditioning of both front and rear members. ‘The differences 
which have been found are related in some instances to the 
lack of randomness of the early behavior; in others to the sud- 
denness and persistence of the modifications which take place. 

The ‘Random’ Struggle Response.—One of the principal 
objections to the view that the conditioned response is a 
refinement or selection that works its way out of ‘random’ 
struggling, is that some animals simply do not struggle. Sub- 
jects which give the neatest and easiest-to-plot conditioning 
curves are likely to be those which begin by making full un- 
conditioned flexions to the shock stimulus, and which fail, at 
any time, to add to this the generalized behavior of struggling. 
There are, on the other hand, hypersensitive individuals that 
struggle almost continuously at the confinement of the stock 


‘or conditioning situation. When in the middle of a struggle 


spasm an animal of this sort often seems unable to make any 
reaction at all to the conditioned stimulus. He may support 
himself by means of the neckpiece and the strap beneath his 
belly, while all 4 feet are rapidly ‘pumping.’ 

It is not uncommon to find subjects that fail to eliminate 
struggle even after hundreds of trials. They may become 
conditioned very well—that is another thing—but they com 
tinue to struggle and strain for release. Perhaps one shoul 
say in such instances that the struggle is a response to the 
confinement of the stock and experimental situation—it is the 
“freedom reflex’ of Pavlov (6, p. 11). And that the flexion 
CR has no relation to it whatsoever, but develops, so to 82» 
at an entirely different level. We have even had dogs which 
did not struggle at first but which developed struggle reactions 
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at advanced stages of conditioning. ПАШ qo esce like 
these, there are, of course, those subjects that follow the more 
orthodox trial-and-error procedure and gradually eliminate 
their random activity. : 

Entirely apart from individual differences of this kind, the 
struggle response is peculiarly dependent upon the intensity 
of electrical stimulation used for the unconditioned stimulus. 
Any dog—even one which'has never previously struggled in 
the apparatus—can be made to do so by an increase in the 
E.M.F. to a point beyond that necessary for obtaining the 
unconditioned flexion lift of 4 inches required by the experi- 
mental procedure. It is not impossible to produce persistent 
conditioned struggle in a normally quiet animal by a few extra- 
strong stimulations of this sort. It is also possible to increase 
the violence of struggling in any dog to the point where he may 
do himself bodily harm. Yelping, defecation, micturition, 
and biting or chewing at the stock may be added to the 
behavior-picture under such circumstances. 

Some of the ways in which the struggle response can be 
affected by the conditioned stimulus during the process of 
training are illustrated in Figs. т, 2, and 3, which are reproduc- 
tions from kymographic records made during the conditioning 
of 3 different animals. The top line, R, in all 3 figures is the. 
respiration, LF, RF, LR, and RR show the movements of the 
left-front, right-front, left-rear, and right-rear limbs, and В, S, 
and T are the buzz, shock, and time lines. In each of the 3 
cases pictured the RR foot.only was shocked. | 

In Fig. т is shown the more common or ordinary reactio 
to the buzz stimulus, which takes place during the early stages 
of training. Shortly after the incidence of the buzz, the sub- 
ject has rapidly lifted all 4 feet in a series of ‘pumping’ move- 
ments. His respiration has been correspondingly disturbed. 
The extremely rapid breathing between most of the trials indi- 
cates that the dog was panting. Here, then, is a typical pic- 
ture of the conditioned struggle response. > 

In Fig. 2 the reverse phenomenon is illus 
the beginning of 3 of the 4 trials pictured, the subje 
the act of struggling. The record clearly shows 


trated. Before 
ct was in 
that the 
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Figures 1, 2, and 3 show struggle reactions as recorded in aa p. 
tracings. Each figure is from the records of a different animal. Ina diii 
top line, R, is the respiration, LF, RF, LR, and RR show MUR pte ALS 
right-front, left-rear, and right-rear feet, and B, S, and T are the buzz, , 
time lines. $ Ў faci: 

Figure 1 gives a typical picture of conditioned struggle. Shortly vrbes 
dence of the buzz, the subject has rapidly lifted all 4 feet in a E ue ША 
movements. His respiration has been correspondingly ae nm 
rapid breathing between most of the trials. indicates that Ee log MU DR 

Figure 2 shows the inhibition of struggle to the buzz stimulus. P 
is just the reverse of that presented in АЫ 7 тве 

T Figure 3 illustrates a third sort of response—or the lack of i is eee n 
* struggle which was well under way before the conditioned das M pnus 
(in 3 of the 4 trials shown) has continued through and beyon: КИН. qu 
"There is some indication, notably in the trial farthest to the ng Be SOHO 
have served to inhibit or slow up the struggle for a fraction of a $ 
hesitation, if actual, was of short duration. 
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struggle+was either reduced or eliminated entirely by the buzz 
stimulus. The trials pictured are numbers 283—286 inclusive, 
in the middle of a longer training series.‘ 

Figure 3 illustrates a third sort of reaction—or the lack of 
it—to the buzz. The struggle which was well under way be- 
fore the conditioned stimulus was introduced (in 3 of the 4 
trials shown) has continued through and beyond each of these 
3 trials. There seems to be some indication, notably in the 
trial farthest to the right, that the buzz may have served to 
inhibit or slow up the struggle for a fraction of a second, but 
the hesitation, if real, was of short duration. The reactions 
pictured in this figure took place on the sixth day of condition- 
ing during trials 116-119 inclusive. *Struggle had persisted 
in this animal since the very beginning, and continued to a 
point considerably beyond the trials shown. 

Since struggling itself is so unpredictable and irregular a 
phenomenon, as demonstrated both from these figures and 
from the other evidence presented, there is considerable doubt 
whether it should be regarded as the raw material from which 
localized flexion CRs are ultimately refined. 

“Hypotheses’ in Conditioning—Over and above the fact 
that struggling can be eliminated after the early stages of 
training, that it can be introduced in previously quiet animals 
at advanced stages of training, or that it can continue through- 
out the entire training period, there remains the question of its 
speed or rate of elimination or onset. That this rate is fre- 
quently gradual there can be no doubt. But it can also be 
rapid, as is shown by the performances of a number of animals 
from our laboratory which dropped the struggle reaction with 
astonishing speed. They would struggle regularly up to 4 
certain point in the training, and then abruptly and without 
warning, they would eliminate the struggle for all subsequent 
trials. In one or two cases struggle has also been introduced 
at a late stage of training in the same abrupt manner, while 
in others it has come and gone. р 

Figures 4 and $ are reproductions from kymographic 
records which illustrate the sudden elimination of struggle: 


* Beritoff (1, p. 366) reports a ‘negative action’ of the conditioned stimulus which 
he regards as the after effect of an earlier unconditioned stimulus. 
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Figure 4 depicts 40 trials (2 days) of training near thé middle 
of a twenty-day training series. Before the upper record in 
Fig. 4 was made, the subject had received exactly 100 condi- 
tioning trials. The shift to adaptive flexion conditioning took 
place in trials 101-120 and—except for the first 3 trials on the 
following day—was well enough established toremain. Figure 
5 shows an even more rapid elimination of struggle in a dif- 
ferent animal, which occurred on the very first day of condi- 
tioning. During 400 subsequent trials there was never any 
return of the struggle response. 


/00 


% FREQUENCY 
è З g- 
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SUBJECT F13 


о 40 80 120 160 200 
TRIALS 


Fic. 6, Here are plotted a series of 4 ‘learning curves,” one for each foot of the 
subject. "he percent frequency of responsiveness on the ordinate is the percent of 
CRs in each daily group of 20 stimulations. Although the RR foot only was shocked, 
CRs were counted for any foot providing that foot was lifted at all during ор 
of buzz preceding the unconditioned shock stimulus. The sudden dropping out of the 
CRs from the 3 non-shocked feet after 140 trials, is evidence of the phenomenon | 
insight, or a change in “hypotheses.” х 


A second way of demonstrating the shifting phenomenon is 
shown in Fig. 6. Here are plotted a series of 4 ‘learning 
curves,’ one for each foot of subject F13, as that subject made 
a sudden and ‘successful’ change from struggle to non-struggle 
CRs. The percent frequency of responsiveness given in this 
figure is the percent of CRs in each daily group of 20 stimula- 
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tions. “Although the RR foot only was shocked, CRs were 
counted for any foot providing that foot was lifted at all during 
the period of the buzz stimulus. The graphs for the LF, RF, 
and LR feet may hence be considered as ‘error’ curves since 
they depict unnecessary or incorrect responses. But the 
graph for the RR foot is an increasing-score curve of efficiency 
of learning. 

It will be noted that the subject responded with a fre- 
quency of around 70 percent in all 4 feet during the first group 
of 20 stimulations. Thereafter the frequency increased to 
about 100 (i.e. the dog struggled) on nearly every trial. 
After 140 trials had been given, the animal abruptly reduced 
the responsiveness of the 3 non-shocked feet, although she 
maintained a level of near 100 percent in the RR member. 
She therefore developed a localized flexion CR with all the 
suddenness characteristic of the phenomenon of insight. 

Changes in behavior like these, which are so far-reaching 
and significant to the organism that they include violent effort 
from the whole body at one time, and complete removal of the 
violence immediately afterwards require some explanation 
other than ‘chance,’ ‘random activity,’ or ‘trial-and-error. 
During the struggle behavior the subjects engage in a kind 
of behavior which, although definitely circumscribed by the 
experimental situation, is vastly different from that which 
follows. Either of these two sorts of responses, or both of 

+ them, have been found to persist in different animals through- 
out long periods of the training. We regard them as 5 
quences of activity surely as regular and as clear-cut as the 
rat’s consistent turning to the right or to the left in the dis- 
crimination or choice situation. It seems to the present wie 
ers, therefore, that the most satisfactory interpretation 1s 1? 
terms of Krechevsky’s “hypotheses.” i 2m 

There are other ‘milder’ sorts of ‘hypothesis behavior 

. which do not involve as widespread, or as violent activity 49 
that included under the heading of struggle. An animal may 
develop the habit, for example, of regularly raising his left- 
front foot just before he lifts his shocked (e.g. the right-rea”) 

foot. With continued training this particular pattern о 
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* (left-front)—(right-rear), may give way to some other com- 
bination of movements, in which the RR flexion is necessarily 
apart. Or, it may shift directly to the ‘adequate’ response of 
*(right-rear) alone.’ Barking, whining, respiratory changes 
without vocalization, and other reactions not recorded by the 
present technique, enter into still other sequences of behavior 
which have been observed. The change from one of these 
combinations to another is not infrequently sudden and 
abrupt. 

When applied only to cases like that shown in Fig. 6, where 
the shift in behavior leads the animal to ‘the correct response’ 
—that is, from struggle to non-struggle behavior with adaptive 
flexion CRs in the shocked limb—the change can be regarded 
as a kind of insight. But if the shift goes in the wrong direc- 
tion, or if there are several sudden changes, including reversals 
and repetitions, then the doctrine of hypotheses in learning is 
the more adequate of the two. 


IV. SUMMARY 


The commonly accepted view with reference to the flexion 
conditioning of dogs is that the process begins with the de- 
velopment of conditioned struggle by the animal. As training 
progresses, the specialized or adaptive flexion CR emerges 
gradually from out of the generalized conditioning of the early 
stages. Since struggling in the confining experimental situa- 
tion is about the most ‘random? activity which is permitted 
the subject, he may be said to develop the localized CR from 
the raw material of random movements. Such an account is, 
in effect, an application of the trial-and-error theory to the 
conditioning situation. Observations of the present writers, 
based upon the conditioning of nearly 60 animals, have shown 
that this description of the conditioning process cannot be 
generally applied, although it does hold in many instances. 
Ina majority of the cases studied, kymographic records were 
obtained of the movements of all 4 feet and of the respiration 
during the flexion conditioning of only one foot (or of two feet). 


I. Some animals, although they develop the conditioned 
flexion response, may never struggle at all. 
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2. Others may struggle almost continuously, probably in 
response to the confining experimental situation, but develop - 
the conditioned flexion CR as an entirely independent reac- 
tion. They may never eliminate struggle even if given hun- _ 
dreds of conditioning trials. Е 

3. Occasionally a subject may develop conditioned strug- - 
gle after he has developed the flexion CR without struggle. .. 

4. Struggling, or ‘random behavior’ in the conditioning 
situation, is also a function of the intensity of electrical stimu- 
lation, and can be produced or eliminated by adjusting the 
unconditioned stimulus accordingly. 

| 5. The stopping of struggle or its onset frequently takes _ 
place with a suddenness or abruptness which is characteristic E 
of Gestalt insight. 

6. Other persisting patterns of activity—not violent 
enough to be classified as struggling—have also been observed _ 
in response to the conditioned stimulus. These may involve 

.. peculiar temporal sequences of lifting one or more of the non- 
_ shocked feet. They may include vocalizing and other reac- - 

_ tions. Sometimes the shift from one such combination of 

_ movements to another is also sudden or abrupt. 29 

7. To account for these rapid shifts between different 
patterns of persisting behavior, the doctrine of ‘hypotheses’ 
in learning has been applied. : 

8. It is not necessary to suppose, therefore, that insight or 

* “hypotheses behavior’ is something which is entirely incom- 
patible with the traditional ‘conditioned reflex,’ or that the - 
two represent distinct and separate kinds of learning. 


”. 


(Manuscript received December 18, 1939) 
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THE RELATIONSHIP BETWEEN PERFORMANCE 
М LEVEL AND BODILY ACTIVITY LEVEL * 


BY G. L. FREEMAN 


Northwestern University 


In a previous report! the writer suggested a relationship © 
between the degree of overt ‘phasic’ performance and the 1 
amount of supporting ‘tonic’ reactivity, in which optimal 

“conditions were alleged to obtain when the excitation level 
neither falls below or rises above certain limits. Direct 
alternation of excitation background by experimentally in ~ 
duced muscular tensions has tended to confirm the theoretical 
analysis. 'The purpose of the present experiment is to study. 

. this same relationship indirectly by encouraging subjects to — 
exert varying degrees of effort in doing a task. That such 

. ‘effort’ will be reflected in the postural accompaniments of 

_ performance is already well recognized. Other studies ‘ have : 
shown that the palmar skin resistance may be used as an index 
of postural change. Specifically then, we are herein concerned — — 
with the level of palmar skin resistance when individuals are 
performing above, below and at their normal ‘congenial’ pace 

| such tasks as finger oscillation and reaction time. " 


EXPERIMENT I 


The first series of observations was made upon twenty Ц 
undergraduates under two conditions: (1) wherein the indic, 
vidual set his own standard of performance; and (2) wherein 


* Studies in Muscular Tension, Series 2, No. 14. The author wishes to acknowl- 
edge his indebtedness to Miss R. Buchanan and Mr. M. Schisler, who assisted іп carry" 
ing out this research, Tuy 

; G. L. Freeman, The postural substrate, Psychol. Rev., 1938, 45, 3247333- 

*G. L. Freeman, The optimal muscular tensions for various performances, Amer: _ 
J. Psychol., 1938, 51, 146-151. ы А 

^]. J. B. Morgan, The overcoming of distraction and other resistances, Arch 
Psychol., 1916, No. 35. ess 

* G. L. Freeman and В.М. Simpson, The effect of experimentally induced muscular 
tensions upon palmar skin resistance, J. gen, Psychol., 1938, 18, 319-326- à 
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the standard of performance was set an arbitrary number of 
points (1 Р.Е.) higher than the individual's averages for the — i 
first condition, with failures in meeting the raised standard | 
called to his attention. Both conditions were preceded by 
fifteen minutes of relaxation, or until measure of palmar skin 

* resistance showed no marked change for five minutes. The 
TABLE I 


Ѕноуіхс Averace Reaction Tmes (Іх Secs.) AND Parmar SKIN RESISTANCES 
(1000 Onus) or Twenty SUBJECTS UNDER NORMAL AND SUPERNORMAL 


‘EFFORT’ CONDITIONS + 
Г à 
Normal Effort Supernormal Effort 
ССА ОНЕ Worki Resting | Workin 
ерү ng. | Reaction 56 Strang. | Reaction 
istan 
“ыс | ноар | "Her | ear | Maar | Pine 
an Ra 55 37 125 55 35 +108 
` + 26 22 +104 35 25 . лоо 
E T 65 40 .120 65 42 I7 ) 
e б 25 15 Іп 45 25 aB 
» a 50 36 по 55 39 599, 
a Ba.. Dis 59 45 112 67 44 +120 
: e 55 40 :087 35 15 89 
к. e 45 25 ло4 80 25 116 
i. | 145 135 +140 147 134 +104 s 
a oe 45 39 .128 54 35 122 
m ín 43 30 145 50 38 426% 
lo. . 85 45 ‚120 87 45 122 * 
Qu . 35 25 по o 28 +10. 
EE . бо 50 .091 5 26 «o9! ў 
e 3 65 25 112 65 22 120 
us | 45 25 080 45 25 076 
р 37 19 94 45 14 оо! И 
| 49 25 по 55 35 .88 ГК 
x : 90 81 +127 95 85 IL 1 
“ ee 30 20 .096 25 15 .09 
eee] 3845 | 3895 | 153 59.9 37.67, 388 oe 
__ SS р 4 " 


two conditions were usually presented on consecutive days — 
with ten five-trial periods of auditory reaction tests and ten — 
thirty-second periods of finger oscillation interspersed with 

thirty-second rest periods. All subjects received an hour's pre- А 
liminary practice. Instructions for the two experimental i 
conditions were: im ИП 


‚а. ‘Normal’ Competitive Effort—*There are wide indi- " й 
+ Vidual differences in speed of (reaction time; finger oscillation) 


Re: L. Freeman and L. L. Giffin, The measurement of general reactivity under ў 
l conditions, J. gen. Psychol., 1939, 21, 63-72. 
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the test of yesterday. Before we post scores we are giving t 
another test, wherein we hope you can excell your previous ~ 
performance. To aid you we have set the standard somewhat. 
above the average you originally attained and will announce 

TABLE II p: 
SHOWING AVERAGE FINGER OSCILLATION (PER 30 вес.) AND PALMAR SKIN RESISTANCE k 


(1000 omms) oF Twenty SUBJECTS UNDER NORMAL AND om 
SuPERNORMAL ‘Errort’ CONDITIONS 


Resting | Working { 
Resistance | Resistance | — Oscil 
Level Level 


5; NE 
your success or failure in meeting this standard on each n po 
made. This will require considerable added effort in which we 
request your full coöperation.” ‹ А 


‚ Results indicate that the second instruction (b) was 8° 
erally successful in motivating the subjects to increased effo 
or reactivity.. As shown in Tables I and II, however, Рё 


formance does not improve for all subjects under increased | 
‘effort,’ though general averages indicate a slight improv" 


‘ment. The resting resistance levels are fairly equivalent 
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; ic 
the two conditions (r = +.67), hence it seems possible to ' - 
compare the degree of reactivity change under different effort 
incentives. One of the most significant of these comparisons 
is in relation to the change in performance. If we correlate 
the amount of performance change (condition a over b) with 
the degree of reactivity change exhibited, it appears that for 
reaction time those who exerted the greatest effort (reactivity) 
showed the least improvement and often did worse under ' 
© supernormal conditions (r = —.41 for reaction time;r = —.16 

for finger oscillation). 

Various other measures have been applied to the data of 
this experiment, but due to many factors not under control, . 
have not been found highly significant. In general it seems 
that persons of high initial resting reactivity (low skin resist- 
ance) do not increase performance under raised standards as 
much as those with a relatively lower initial reactivity level. ” 
Under ‘supernormal effort’ the greater the drop in palmer skin 
resistance (from initial level) the faster is the time in attaining ү 
the supernormal standard (r = +.56 for finger oscillation; 4 
-++.22 for reaction time). Also, thereisa tendency for persons 
who showed the greatest drop in skin resistance (resting to | ^ 
working level) to attain the supernormal standard a greater $ 
number of times (r = +.45 for finger oscillations; +.17 for 
reaction time). 


"NE uu 


EXPERIMENT 2 


Because of the many complicating factors which are intro- 
duced when the reactivity-effort and performance-quality rela- | 
tionship is studied briefly in a number of individuals, it was _ 
decided to make a thorough survey of performance and reac- 0 
tivity on a single person working under all varieties of in- 

_centive. The reaction time and palmar skin resistance were 
recorded simultaneously in a series of one hundred five-trial — 
Observations. "The observations were made at various times { 
with S in various states of alertness; sometimes they Кее 
made on rising from bed; again, following an emotional crisis. 
Naturally no attempt was made to get basal reactivity to 
comparable levels. Sometimes S tried to work hard; some- 


logical condition; these reports are summarized on the graph 


s 
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times he loafed. He did not examine the records of perform: 
ance or reactivity during the experiment. In Fig. 1, per- 
formance is plotted against reactivity and indicates that for 
this subject as reactivity increased performance first rose and 
then fell off. The points marked with numbers 1, 2, etc, — 
indicate observations where S made a report on his psycho- 


of 

8L í 
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‘Fic. т. The relationship between palmar skin resistance and reaction-time 


‘ performance in a single subject under various states of alertness. : 


гапа indicate that S was nearly asleep at points along thefirst _ 
part of the curve, and excited or ‘rattled’ at points along the 
latter part of the curve. k 


EXPERIMENT 3 
The final experiment was concerned with increasing and 
decreasing motivational effort in reference to the subject’s 
‘normal’ or ‘congenial’ pace. Measures of skin resistance 
and reaction time or finger oscillation performance were taken 


* э) 
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under conditions (a) where S was instructed to assume a 
comfortable working pace and when he was urged (b) to work 
above or (c) to work below this congenial pace. Fifteen S’s 
were used, with each of the three work periods (50 reaction 
time trials; 10 half-minute finger oscillation trials) preceded by 
a relaxation control. 

In general, the results of this experiment indicate that 
‘effort’ to work above the congenial pace is accompanied by 
increased performance and decreased palmar skin resistance; 
conversely, the instruction to work below the congenial pace 
tends to produce lowered performance and increased skin 
resistance. ‘These effects are more pronounced for finger 
oscillation than for reaction time performance. On the reac- 


TABLE Ш 


Suowine ТИЕ RELIABILITY BETWEEN THE Means (Carticat Ratios) OF THE 
Averace RESISTANCES oF THE Reaction Time EXPERIMENT AND 
THOSE OF THE FINGER OSCILLATION EXPERIMENT 


prane Бехи Xue Ri 
Contr | Raised Level | Lowered Level | Lowered Level 
Reaction time............. гп 1.07 0.16 1.29 
Finger Oscillation.......... 1.64 2.56 1.18 2.83 


tion time tests, instruction to work slow was sometimes 
reported to involve more subjective effort than working at the 
congenial pace, and this is apparently reflected by the drop 


"rather than the expected rise in skin resistance, over the 


‘normal’ control. Such facts, together with a relative lack 
of success in establishing comparable basal levels of skin re- 
Sistance in the relaxation period preceding each condition 
(r— 472.1 I), makes for many reversals in the general nega- 
Чуе relationship between palmar skin resistance and work 
output. Correlations show, however, that persons of low 
Performance on the finger oscillation test were also low on the 
Teaction time test, and tended to maintain their relative posi- 
tion under the three incentive conditions; the correspondence 
in relative changes was least exact at the ‘normal’ pace 
(7=.28-+.16), more so at the decreased pace (r=.45--14), 
and most exact at the increased pace (r=.62.11): The 


" 


» 
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correlation between average work output and average ac- 
companying skin resistance was higher for finger oscillation 

' (normal pace, .304-.21; raised pace, .48--.14; lowered pace, 
492.18) than for reaction time (normal pace .og+.18; raised 
pace, .062-.18; lowered pace, .14 2.17), but in neither case was 
the evidence very significant. That the incentive conditions 
were not successful in raising or lowering the palmar skin 
resistance significantly is shown by Table III. 


` Discussion 


From the three experiments reported above, and especially 
for the last one, it is suggested that changes in skin resistance 
are more related to subjective effort than to performance level 
per se. The fact that it is often difficult for an individual 
starting from a relatively high level of reactivity to attain a 
slow working pace, makes for many reversals in the assumed 

_ decrease in reactivity and under lowered performance. Fur- 
thermore, measures of work-output alone are insufficiently to 
show the assumed relationship; for while an individual work- 
ing at high or low excitation levels may turn out the same 
amount of work as at a more congenial pace, a decrement in 
* thequality of performance can have occurred. Another com- 
plicating factor is the possibility of change in work methods 
at different production rates, which would tend to mask the 
relationship between effectiveness of performance and reac- 
tivity. Later research may conceivably show that the ex- 
tremes of this relationship are attained only when resting 
excitation level, from which increments obtain during work, is 
abnormally high or low. Certainly this is the implication 
from our second experiment, done on a single subject. 


(Manuscript received November 23, 1939) 


TRIAL AND ERROR LEARNING IN 
PARAMECIUM * 
BY J. W. FRENCH 


Princeton University 


There is increasing evidence that the lower animals are not 
entirely reflex machines. Even the one-celled animals have 


been shown to modify their behavior as a result of previous 


activity. Jennings (6, Chapt. X) regarded this modification 
as a change in the physiological state of the organism. He 
believed that such a change explains why stentor when first 
subjected to carmine grains will wave back and forth, but 
upon continued stimulation by the grains will contract or 
swim away. 

Learning in unicellular animals has been studied most ex- 
tensively in paramecium. Smith (7) and Day and Bentley 
(4) attempted to show that paramecia can learn to double on 
themselves in order to turn around in a capillary tube so nar- 
Tow as to restrict their free movement. The average time 
and number of unsuccessful attempts to turn was greatly 
reduced with practice. They showed that this apparent 
learning was not caused by an accumulation of СО», since the 
effects of practice were retained after the animals had been 
swimming in an open dish for twenty minutes. Buytendijk 


(3), however, suggested that this is not true learning but. 


merely a change in physiological state resulting in greater 


flexibility of the animal. He found that an animal treated in 


chloroform becomes flexible enough to turn easily in the tube. 

ў That paramecia can learn to associate the avoidance reac- 
Чоп to heat with the stimuli of mechanical shock or light was 
claimed by Bramstedt (2). He stated also that paramecia 


adapt to the shape of a container, for, on removal from the | 


Container, they continue to swim in a course similar to its 
outline. Bramstedt’s observations on, the association of light 
* From the Psychological laboratory, Princeton University. 
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with heat were confirmed by Alverdes (1). Grabowski (5) 
on the other hand disagreed with the conclusion that learning 
is involved and gave evidence that the animals were merely 
reacting to a chemical change in the liquid arising from the 
action of heat. Grabowski also believed that the observations 
on adaptation to the shape of a container are not sufficiently 
conclusive to warrant the assumption of learning. 

Soest (8) was unable to form an association between dark 
or light with cold. Electric shocks could not be associated 
with dark, but did produce an avoidance of light. Since the 
electrodes were remote from the experimental area, and the 


current flowed through light and dark regions alike, a chemical 


explanation seems inadequate. р 

Tschakhotine (9) proved that paramecia will avoid а Беат 
‘of ultra-violet light, and will continue to avoid the same spot 
for a half-hour after the beam has been removed. Grabow- 
ski’s objection that a chemical change occurs in the liquid may 
be pertinent here. 

It is the purpose of the present paper to show that para- 
“mecia learn by trial and error. When a paramecium is en- 
closed in a glass tube large enough to permit free swimming, it 
avoids contact with the hard smooth surface of the tube. The 
animal beats back and forth and eventually swims up or down. 
By swimming down it is able to escape from the open end. 
The object of the experiment was to observe any change with 
practice in the time taken to escape. In contrast to Day and 
Bentley’s experiment the flexibility of the animal is not im- 
portant here, since the tube’s diameter was several times the 
animal’s length and permitted easy turning. 


METHOD: 


| The tube used to confine the animals was .6 mm in internal diameter and 4.6 mm 
in length. Preliminary observations showed that when wider and shorter tubes were 
used the elements of chance escape appeared to obscure the learning. Since the average 
os of the animals was only about .2 mm, they could swim about freely within the 
ube, 
A A single animal in liquid from his own culture was placed on a piece of glass one 
inch square. The glass tube, supported vertically in a metal frame, was then lowered 
over it, so that it was sucked up into the tube by capillary attraction.. Since the tube 
was held slightly above the plate, the animal could escape by swimming out the lower 
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end. Each of twenty animals was given thirty trials spaced at 15" intervals, After 
Я each trial the liquid in the tube was removed, so that no chemical could accumulate 


during the practice period. 

Except for a few isolated trials the animals seemed well motivated, for their ac- 
tivity within the tube was vigorous. The room was maintained at 26° C., since the 
avoidance of contact is stronger in warm than in cold water (6, p. 99). " 


RESULTS 


The results are given in Fig. 1, which shows the median 
score of the group of twenty paramecia for each trial, апа also 
і 


15 20 25 30 T CRM 
TRIALS 


Fic. 1. Learning curve for the group of twenty paramecia. The median time 
for escape from a glass tube is given in seconds. The ends of the vertical lines mark the 
Supper and lower quartiles of the group for each of the thirty trials. 


L 5 10 


the upper and lower quartiles. In general the curve tends 
downward, but there is considerable variability. Examina- 
tion of the individual results revealed consistent improvement , 
during the early trials for ten animals, but for the other tena — 

€crease in time to éscape was doubtful or absent. Two 
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typical individual curves are given in Fig. 2. Foranimalno.1 , 
there is a fairly regular improvement during the first 13 trials 
with little change thereafter. For animal no. 7 there is 
merely great variability from trial to trial. Despite the rela- 
tively great variability between individuals and from trial to 
trial of some individuals, the group as a whole shows improve- 


200 


150 


Ето. 2. Learning curves of animals nos. 1 and 7. The time for escape from the tube 
on each of the thirty trials is given in seconds. 


ment. The difference between the mean scores of the group 
‘on the first and last trials is statistically significant, being 
3:43 times its standard error. 


Discussion 


The increased speed with which the animals escaped from 
the tube might result from an increase in general activity. To 
check on this possibility an independent measure of swimming 
speed was made before and after the practice period. Each 
animal was placed over a wire screen having ten squares to е. 
inch, and the number of squares over which it passed during 
one minute was counted. The average score before practice 
was 42 and following practice was 41.2. Thus there was no 
general change in activity. Furthermore, inspection of the 
activity scores gave no indication of a correlation between 
activity and efficiency in the learning situation. 


. 


$ 


TRIAL AND ERROR LEARNING IN PARAMECIUM 613 


Qualitative observations of the performance of the para- 
mecia during the practice period suggested that the improve- 
ment is due to learning. During the first trials the animals 
would alternately beat back and forth in the tube at one level 
and swim short distances up or down until escape was effected. 
On the later trials some paramecia were observed to beat back ~ 
and forth only a few times and then take one long dive to the 
bottom. Such directed behavior, occurring only in certain © 
animals, is difficult to understand in any terms other than 
those of learning. 


ConcLusIoNs 


When paramecia are repeatedly enclosed in a glass tube 
which permits free turning, the average time for escape de- 
creases on successive trials. "The change in behavior is not j 
related to general activity and seems best understood in terms 
of learning. ON e 


(Manuscript received December 4, 1939) ti 
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THE VARIABILITY OF EXTINCTION SCORES IN 
*SKINNER-BOX' EXPERIMENTS 


BY LLOYD G. HUMPHREYS! 
Department of Psychology, Northwestern University 


An outstanding characteristic of quantitative work using 
the technique developed by Skinner (5), ¢.g., that of Youtz 
(7), Ellson (1), Williams (6), and Sackett (4), is the wide 
range of variability obtained. If a means were discovered of 
decreasing significantly this variability, a considerable saving 
would be effected in the experimenter's time and in animals 
required. The purpose of this paper is to discuss two such 
methods. 


APPARATUS AND PROCEDURE 


The apparatus was a duplicate of that used by Ellson (x) and Williams (6). It 
consisted, essentially, of four partially sound-proofed boxes into which small, hori- 
zontal bars could be introduced, these bars activating food-release mechanisms. Re- 
sponses were recorded on a constant speed polygraph. 

Subjects were 80 male albino rats within the age range of 60 to 100 days. They 
were obtained from the same source as those of Ellson and Williams. 

Habituation to the boxes and to the sounds of the apparatus, and acquisition of 
the horizontal-bar habit were carried out with no significant departures, as far as 
present purposes are concerned,? from the routine established by the preceding in- 
vestigators. Two important changes were made, however, in extinction procedure: 
whereas Ellson and Williams had used a criterion of five minutes in which no responses 
were made to terminate extinction and had first extinguished the habit on the day 
following acquisition, present procedure called for constant 10-minute extinction periods 
for all rats regardless of their rate of response, the first such period to take place im- 
mediately following acquisition. After this first, immediate extinction the rats were 
placed in their living cages for a half-hour rest and then returned to the experimental 
boxes for a second learning period. The following day a second 10-minute extinction 
period was given. It is thus possible to present results for constant extinction periods 
immediately following learning and the day following re-learning. A comparison of 
these results with those of Ellson and of Williams should make possible an evaluation of 
the effects of the two changes in procedure. 


^ This research was carried out in the Institute of Human Relations, Yale Uni- 
versity, The writer is indebted to the National Research Council for fellowship funds 
and to Professor Clark L. Hull who directed the work. 

2 A detailed statement of procedure is given elsewhere (2). 
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RESULTS AND Discussion 


Table 1 presents the means and standard deviations of 
responses in first and second extinctions for four groups of 
subjects from each of three separate investigations. The first ( 
column contains the present results which were obtained in. 

_ two 10-minute extinction periods, the first of which came im- 
mediately after acquisition; the second and third columns 
furnish data from Ellson (1) and Williams (6) which were ob- ~ 


TABLE 1 v 
Comparative Data ON THE VARIABILITY оғ NUMBER оғ EXTINCTION RESPONSES 
Standard deviations both for the Ellson (x) and for the Williams (6) data were 
computed from their published standard errors of means. Ellson's ‘first extinction" 
groups had previously undergone extinction of a vertical-bar habit. 


Humphreys Data Ellson Data 
Groups LL E 
N | Меап | Sigma N | Меап | Sigma 
First Extinction 
I 20 21.6 | тол 25 23.9 | 26.9 35 19.0 | 25.5 x 
2 20 272 | 104 25 312 | 19.1 35 350 | 43.8 Jnd 
3 20 31.0 | 10.5 25 39.6 | 17.6 35 з | 260 rs 
4 20 46.6 9.5 25 43-9 | 255 35 2.7 | 359 ОШ 


Second Extinction al 
тетү е ———————— = sn m. 
К 20 | 179 | 13.0 | 25 76 | 83] 33 67 |. вок 
2) 20 | 253 | 14-1 | 325 | 164 | 88 | 34 f rog ре 
3 20 | 265 | 13.1 25 19.5 | 191 | 33 12.3 98 
4 20 | 33.6 | rr | 25 | 244 | 220 | 34 | 198 | 163 


tained in extinction to a criterion, first extinction being - 
twenty-four hours after acquisition. ЖДУ И. 
It is evident that the two changes in procedure materially 
teduced the variability of the extinction results. A mean of 
46.6 with a standard deviation of 9.5 can be compared, for h 
example, to means of 43.9 and 48:3 whose standard deviations 
_ ate 25.5 and 26.0; or means of 31.0 and 33.6 with standard Ч 
deviations of ro. 5 and 13.1 can be compared to those of 31.2 
and 35.0 with standard deviations of 19.1 and 43.8. There is, м, 
in fact, по case where comparable means are found in which Y 
; "the difference between standard deviations is not in the same 
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direction. This is true though Ellson, before differentiation 

- of his experimental groups, discarded fifteen rats that gave 
more than 125 responses in first extinction on either the hori- 
zontal- or the vertical-bar. 

The difference in variability between immediate and de- 
layed extinction (first and second extinctions, column 4) is 
relatively small. This indicates that the 10-minute extinction 
period is the chief factor in producing less variable’ results. 
The fact, however, that the differences are consistently in the 
direction of increasing variability from first to second extinc- 
tion, in conjunction with smaller means and a tendency toward 

- smaller differences between means, would seem to make ad- 
visable the use of immediate extinction as well as the 10- 
minute period. 

The use of a standard period of extinction in place of a 
criterion may be criticized on the basis that the two measure 
different things. It can be pointed out, for example, that 
number of responses over a constant period of time is equiva- 
lent to rate, but that Youtz (7), Ellson (1), and Williams (6) 
found that their rate measure did not differentiate between 
groups. This is, however, an artifact of their computation of 
rate. Time to the criterion and number of responses to the 
criterion are undoubtedly highly correlated, perhaps as highly 
as their reliabilities allow, yet these experimenters divided 
the latter by the former to obtain rate. Ratios whose 
numerators and denominators are highly correlated will differ 
from each other, in the main, only as the relationship between 
numerator and denominator departs from linearity. It has 
elsewhere been shown, moreover, that rate for a constant period 
of time does differentiate between groups and does it more 
efficiently than number of responses to the criterion (2). 

Restriction of extinction to a constant period of time in the 
Skinner-type experiment is equivalent to the use of a constant 
number of trials in the traditional (Pavlovian) conditioning 
situation. In eyelid conditioning, for example, the latter is 
now an almost standard procedure. Here, also, correlations 
between number of trials to a criterion and frequency of re- 
sponses for a given number of trials have been reported. A- 
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value of —.87, uncorrected for attenuation, is representative 
of these (3). 

In the light of present findings it is highly probable that 
the use of criteria could be discarded with profit in other learn- 
ing experiments. Number of errorless ‘runs’ in the given 
number of trials replaces the criterion score, while time and 
error scores per trial are still available. An advantage of 
this change, in addition to the promise of more homogeneous 
results, is that a Vincent procedure is unnecessary in con- 
structing performance curves. Criteria are still required, of 
course, where the acquisition and break-down of the response 
are subsidiary to other purposes, such as the determination of 
thresholds. 


SUMMARY AND CONCLUSIONS 


In order to reduce the variability of extinction scores in a 
"Skinner-box' experiment two innovations in procedure were 
made: (1) extinction was limited to constant 10-minute 
periods, (2) one of which immediately followed acquisition. 
This is in contrast to the usual practice of terminating extinc- 
tion by a criterion interval in which no responses occur, e.g. 
à 5-minute interval, and of first extinguishing the response 
on the day following acquisition. In comparison with pub- 
lished results obtained in the latter, customary way, the two ~ 
changes in procedure markedly reduce extinction variability 
(standard deviations one-half to one-fourth as large). The 
comparisons further indicate that the 10-minute extinction 
Period is the more important of the two factors, but that im- _ 
mediate extinction also contributes to more homogeneous . 
results. Since rate for a constant interval is probably as valid 
an indicator of strength of response as number of responses то 
à criterion, the lower variability makes the change to the 
former definitely advisable. This suggests that the use of 
criteria could be profitably discarded in other learning situa- 
tions as well. $ | f 


(Manuscript received November 24, 1939) y 
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A STUDY OF CHORD PREFERENCE IN A GROUP 
OF NEGRO COLLEGE WOMEN 


BY ORAN W. EAGLESON AND LILLIAN E. TAYLOR 
Spelman College 


PURPOSE 


Previous studies have suggested that there is probably no 
superiority of any single tone from the standpoint of æsthetic 
appreciation, while there is a rather marked preference for 
certain combinations of tones. The work of Major (1) offers 
data in support of the first statement, and the studies of 
Valentine (2) and others propose evidence for the latter. 

This study was undertaken to obtain data on the prefer- 
ence with respect to pleasantness that a group of Negro college 
women revealed for twelve different tonal combinations. 
Since Valentine’s study presents data for a group of eighty- 
four White college women, it was also possible to make a racial 
comparison. 


PROCEDURE 


___ Seventy-five Negro college women mainly of sophomore standing were the subjects 
in this study. Data were collected from about twenty-five subjects at a time. 

‘The following chords were presented on the piano by the method of paired com- 
Parisons: minor second, major second, minor third, major third, fourth, fifth, minor 
sixth, major sixth, minor seventh, major seventh, octave and triad. These chords 


Were constructed within the octave g? to g' in the same way Valentine set up then 


d 


intervals for his study; however, in the latter's study the tritone was used, but in the — . 


present study this interval was replaced by the triad. The pattern that was followed | 
In constructing the chords may be seen in the following examples: minor second—c'dP;. 
major second—c'd'; minor third—b?d'. In other words, the pattern was that of 
alternating between increasing the upper tone or decreasing the lower one a semitones 
Each interval was compared twice with each of the other eleven, thus making 132 
comparisons in all. It should also be pointed out that Valentine employed the method 
of single stimuli in Presenting his intervals for judgment. |: 


REsuULTS 


The following table has been prepared to show the prefer- 


ences of the subjects of both racial groups. 
Ps: бт 


- 
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B » 


i Ne Data for 84 White Women b; 
Rank Method of band Comparisons Method of Single Stimuli > 
Triad Major Third 
.. Minor Third Minor Third 
.. Minor Sixth Major Sixth 
.. Major Sixth Octave 
.. Fifth i Minor Sixth 
.. Fourth Fourth 
. Major Third Tritone 
.. Octave Fifth 
.. Major Second Major Second 
. Minor Seventh Minor Seventh 
.. Major Seventh Major Seventh 
Minor Second Minor Second 


It is not surprising that the Negroes preferred the triad 
above all others, for this is consistent with previous work in 
which the triad has been employed. In comparing the minor 
with the major chords there seems to be little difference as to 
which are preferred; however, the slight difference that does 
exist is in favor of the minor chords. 

In comparing the two racial groups one may see from the 
table that there is more agreement concerning the chords 
thought not to be so pleasing than for the ones considered 
most pleasant. In fact, there was perfect agreement for the 
last four ranks namely, 9, 10, 11, and 12. Excluding the triad 
and tritone from the data, the rank order correlation was de- 

_termined for the other seven chords selected for the first eight 

“rankings by the two racial groups. As one may see, these 
chords are the following: minor third, minor sixth, major 
sixth, fifth, fourth, major third and octave. The correlation 
for the two racial groups’ ranking of these seven chords is +.04 
which indicates very little agreement on the judgment of these 
chords.. It is interesting to note that the major third was the 
most pleasing to the White subjects, but was ranked seventh 
by the Negroes. 

Tn considering the racial comparison one must keep in mind 
the differences in the procedures of the two studies. 


Summary AND CONCLUSIONS 


_ L Seventy-five Negro college women were requested to 
Judge by the method of paired comparisons the pleasantness 
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of twelve chords played on the piano. These data were com- ' 
pared with data furnished by Valentine from White, college 
women. The data for the latter study were obtained by the 
method of single stimuli. 

2. The Negro subjects preferred the following chords pre- ` 
sented in order from the most to the least pleasing: triad, 
minor third, minor sixth, major sixth, fifth, fourth, major 
third, octave, major second, minor seventh, major seventh 
and minor second. ^ 

3. Judgments of the White and Negro subjects were identi- 
cal as to the four chords that should be ranked least pleasing, 
but there was little agreement between the two racial groups 
as to which chords were the most pleasing. The chords on 
which there was perfect agreement were the major second, 
minor seventh, major seventh and minor second. 


(Manuscript received November 24, 1939) 
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‘CENTRAL’ VS. ‘PERIPHERAL’ LOCUS OF SET; 
A CRITIQUE OF THE MOWRER, RAYMAN, 
AND BLISS ‘DEMONSTRATION’? 


BY G. L. FREEMAN 
Northwestern University 


The phenomena of ‘set,’ long recognized by introspection- 
ists, are belatedly coming to the attention of psychologists 
who use more ‘objective’ methods of measurement. This has 
resulted in a fruitful line of research, the data of which do not 
seem to have been properly assimilated by certain workers in 
the field. A recent instance of this is found in Mowrer, Ray- 

' man, and Bliss’s (то) alleged demonstration of a ‘central’ locus 
of set. To me, their report not only fails in its announced 
purpose, but also threatens to involve a very promising field 
of research in a futile ‘priority’ controversy such as has long 
taged concerning the chicken and the egg. This I would dis- 
courage at all costs. 

І As a person who has found differentiated motor accompani- 
ments for various sets, I might be expected to champion the 
all-peripheral view of set, but such is not the case. Is any 
psychological phenomenon all sensory or all motor, all central 
or all peripheral? I not only doubt it, but am so thoroughly 
convinced the majority of psychologists agree on this point 
that I will not waste space in citing the experimental and 
theoretical reasons which support this position. Just as 
Dewey showed the impossibility of parting stimulus from 
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response, and just as Feré showed the inseparability of sensa- 
tion and its dynamotor concomitants, similarly we are persuing 
a scientific will-o’-the-wisp in attempting to establish the 
priority of central or peripheral determinants of set. Both 
central ‘neural’ conditions and peripheral ‘muscular’ condi- 
tions are involved in any set, and if no apparent muscular reac- 
tions are found to accompany a set, this no more proves that 
the locus of set is exclusively central than does the presence 
of such motor reactions prove that its locus is exclusively 
peripheral. А 
But more than a logical criticism can be made of the alleged 
demonstration of the central locus of set by Mowrer, Rayman, 
and Bliss. These workers claim to have controlled the periph- 
eral or motor factors by instructing subjects to make the same 
overt response (lifting a finger) to two different external 
stimuli. They then varied the number and order of presenta- 
tion of these stimuli so as to build up different expectancy sets, 
assuming that since finger preparation (motor set) was the 
same for both expectancies, lengthened reaction time due to 
shift of stimulus would indicate the independent variation of 
"central determinants of set. The results of one of their 
experiments support their hypothetical predictions, while 
those of another do not. That is, when a sequence of identical 
stimuli was sufficiently long to shift expectancy in favor of 
preparation for that type of stimulus alone, the change tofpres- 
entation of the other stimulus resulted in a lengthened reac- 
tion time; but, when alternate presentations of the two differ- 

' ent stimuli were followed by an unexpected second presenta- - 
tion of the immediately preceding one, reaction time was | 
shortened rather than lengthened. Mowrer, Rayman, and 
Bliss are unable to account for this apparent contradiction in. 
terms of their ‘central’ set hypothesis, but state that “fatigue, 
confusion, loss of interest, or some other influence, was opera- . i 
tive.” Inthe following paragraphs I shall attempt to give a ; 
more adequate interpretation of their results. 

Mowrer, Rayman, and Bliss admit that their experiments — 
would have permitted differential motor adjustments of ће. 
respective sense organs, but they airily dismiss the possibility 
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of their occurrence as “very remote . . . since movement of 
the ears could not be made similarly (as might variations in 
visual sense organ adjustment) to account for the increased 
latency of the reactions to the first of a series of tones following 
a series of lights.” It is precisely because of this unchecked 
assumption that their ‘demonstration’ of the set-locus breaks 
down. The lengthened reaction time to first presentations of 
tone stimuli may have been due to either the unprepared state 
of the tensor tympani or to the absence of general motor ad- 
justments favoring hearing. In any event, the motor adjust- 
ment made by the eyes in anticipating visual stimulation pre- 
sumptively creates a cortical gradient which is less adequate 
for rapid auditory reaction, and which can be changed only by 
removal of the visual-motor preparation. In my opinion, 
Mowrer, Rayman, and Bliss’s ruling out of motor factors as 
component determinants of set, by the method of proclama- 
tion rather than by adequate control, leaves us with no alterna- 

` tive explanation other than the soul hypothesis masquerading 
in intra-neural false whiskers. 

How is it that allegedly different central (neural) expectan- 
cies for sound and light are built up and maintained? We 
would agree that the responsible factors are neither the covert 
set of the muscles to be involved in the overt reaction—since 
finger preparation per se is the same for both stimuli, nor the 
neural traces of the different stimuli—since these, in and of 
themselves, are relatively short-lived. Outlasting postural 
adjustments involved in seeing and hearing, however, provide 
the most probable basis for differentiated central ‘expectan- 
cies,’ since backlash proprioception from these adjustments, 
operating after the manner of Bok’s reflex circle, could estab- 
lish a cortical dominant of lowered threshold for an about-to- 
be-presented stimulus. To my way of thinking, it is precisely 
because serial presentation builds up motor (sense organ) ad- 
justments specific to one type of stimulus that the unexpected 
occurrence of the other stimulus causes a lengthening in reac- 
tion time. The subject is set to see rather than to hear, and 
the unprepared sense organ must be appropriately adjusted 
before a differential backlash effect on cortical centers can 
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structure a central ‘expectancy’ and so assure the most rapid E 
response. When conditions favor equally the occurrence of 
both light and sound stimuli at a rate too rapid for corre- 
spondingly appropriate sense organ adjustments, the subject 
presumably attempts to maintain both types of preparation 
at equivalent levels. An unexpected re-presentation of the 
sound stimulus, as in Mowrer, Rayman, and Bliss's alterna- 
‘tion experiment, now results in a faster rather than a slower 
response. The so-called ‘negative’ character of this result 
presents no difficulty in terms of our hypothesis since the 
* shortened reaction time to a second presentation of the same 
` stimulus is a direct consequent of optimally localized proprio- 
ceptive residuals? (or after-contractions) from the immedi- 
ately preceding sense organ adjustment, these acting auto- 
matically to increase the excitation level of the corresponding 
central expectancy. Certainly, there need be no differential 
pattern of antecedent tension in the reacting finger for differ- 
ent expectancies, but there will be a general increase in tension 
when the subject is set, and the backlash excitation resulting 
therefrom will be canalized centrally to reinforce the dominant 
developed by weaker but differentiated reflex sense organ | 
adjustments. ў 
Whatever may be said of the relative merit of my explana- 
tion of the Mowrer, Rayman, and Bliss results, it should be 
obvious that their experiments are by no means a crucial 
demonstration of the central locus of set. Their demonstra- 
tion is crucial only if it is granted that the motor components 
of their induced sets were localized exclusively in the reacting 
finger, and that only a quantitative difference existed between 
these covert sets and the overt response. By assuming that - 
antecedent motor adjustments are qualitatively like those. 
revealed in the overt response of finger lifting, these authors 


4 che It has already been shown (тт) that increased output results when task resump- 
tion coincides with the specifically localized maximal tensions residual from the previous 
Work, whereas decrement occurs under less optimal interval conditions. The reflex — - 
after-contractions of sense organ reaction act in a similar manner, presumably, so that 
if the interval between alternate stimulations is either too short or too long to permit 
олке of optimal proprioceptive residuals with appropriate exteroceptive excita- 

on; longer rather than shorter reaction time would be recorded for re-presentation of 
the same stimulus, і 
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have failed to control or check upon probable concurrent sense 
organ adjustments and more widespread postural tensions 
having differential effects. In earlier reports (3, 4) I have 
indicated that the overt (phasic) reaction often differs from its 
supporting (tonic) set qualitatively as well as quantitatively, 
and that an overt reaction focus can develop upon different 
preparatory backgrounds. A crucial experiment for demon- 
strating the central locus of set would be one which showed 
(by action potentials, eye movement records, or otherwise) 
that the incipient motor adjustments forming the non-focal 
‘parts of the tonic preparatory background did not shift ap- 
propriately during the building up of different stimulus ex- 
pectancies.* 

A further exception must be taken to the report in question. 
In a section on ‘related experiments,’ its authors cite the fact 
that Hathaway (8) was unable to detect any electrical changes 
in the muscles of the arm which coincide with the development 
of a readiness for simple reaction. But this was due to insuffi- 
cient sensitivity of the recording instruments; Davis (2) has 
recently shown that increased action potentials in the to-be- 
overtly-reacting arm are developed by the ready signal, and 
that their maxima coincides with the optimal interval between 
ready signal and stimulus presentation. In other words, the 
curve of relative antecedent tension parallels the reaction time 
index of optimal length of fore-period. Furthermore, Free- 
man and Kendall (7) have found that muscular tensions in- 
duced experimentally at various intervals prior to stimulus 
presentation influence reaction time after the manner of the 
Woodrow (12) fore-period analysis. Finally, Knott (9) has 
reported that the blocking of electroencephalograms in mental 
sets—which might seem to be exclusively central—is peripher- 
ally determined. These experiments, and not that of Hatha- 
way, are the ones which are relevant to the question of the 
peripheral determinants of set. 

In my opinion, the title of Mowrer, Rayman, and Bliss’s 
report is a gross misnomer; and I am frankly concerned lest its 


з Appropriate shifts in tension patterns have been shown to occur under other pro- 
tracted work conditions, such as sensori-motor learning (т, 3) and adaptation to *dis- 
tracting? stimuli (s). 
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uncritical reading will provide Gestalt psychologists with ap- 
parent support for their unsubstantiated doctrines of centrally 
maintained brain dynamics. I do not hold with these authors 
that "the only scientific grounds for wishing to make all psy- 
chological processes dependent upon concomitant stimulus- 
response sequences was the supposition that this would facili- 
tate their empirical investigation.” Nor do I see why this 
supposition “does not appear to have been justified.” Why 
did Ribot propose his motor theory of attention, Feré his 
principle of dynamogensis, or Washburn, Guthrie and others 
а motor account of imagery, perception, and learning? Cer- 
tainly not to initiate new research, but because already known 
facts warranted some such an explanation. A like situation 
holds for the explanation of set phenomena, and any advocates 
of exclusively central determinants have not read with suffi- 
cient thoroughness the relevant literature. Elsewhere (6) I 
have pointed out that, in general, Gestalt psychologists, in 
spite of their rightful insistence upon complete behavioral 
description and the total stimulus field, are making a serious 
omission by holding to central determinants alone, inasmuch 
as peripheral reactions, by their backlash effects, are an im- 
portant and essential part of the total field. Similarly, Mow- 
rer, Rayman, and Bliss, by their failure to consider adequately 
the role of differential muscular adjustments, have inadvert- 
ently threatened to throw set phenomena into the laps of 
Scholasticism and Rational Psychology. 


(Manuscript received April 16, 1940) 
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BRIGHTNESS-CONSTANCY IN UNRECOG- 
NIZED SHADOWS 


BY R. B. MacLEOD 
Swarthmore College 


INTRODUCTION 


In the standard experiments on the constancy of color it 
has been found repeatedly ! that the phenomena of color con- 
stancy are closely related to the perception of illumination. 
It is as though the perceptual field were split into two essen- 
tially different components, one stable component—the object | 
colors—and one variable component—the illumination, which 


functions as the bearer of the changes introduced into the ` 


field. Any procedure, ¢.g., reduction, which interferes with 
such a severance of object-color and illumination tends at the 
Same time to destroy the phenomena of color-constancy. 
Must we say, then, that there is a causal link between the 
perception of illumination as such and the phenomena of color- 
constancy? If we consider only examples drawn from situa- 
tions in everyday life, or the experiments patterned after such 
Observations, we are almost forced to give an affirmative 
answer. We systematically disregard the chromatic tint of 
an electric light except, for instance, under such artificial con- 
ditions as those of stage lighting which render impossible its 
Perception as illumination. If we consider, however, some of 
the more ‘artificial’ examples of color-constancy, we find cases 
in which exactly analogous phenomena are observable even 
when there is no perception of a changing or anomalous illu- 


! Cf. Katz (о), Koffka (12), and accompanying references. й 
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mination. In the light of such cases, one’s conclusion must 
be, not that the perception of illumination as such is an essen- 
tial condition of color-constancy phenomena, but that, to 
some extent at least, both sets of phenomena are products of 
certain more fundamental conditions within the visual field. 
Such a conclusion has already been advanced tentatively by 
Kaila (6), Katona (7), MacLeod (13), Kardos (8), Henneman 
(4), Koffka (тт, 12) and Helson (3). The experiments to be 
reported here demonstrate that color-constancy phenomena 
can be produced which are independent of the perception of 
illumination, and point the way toward the explanation of 
some of these phenomena at least in terms of the laws of field 
organization. 


Tue ENCIRCLED SHADOW EXPERIMENT 


According to Hering’s well-known ‘spot-shadow’ experi- 
ment (5), the characteristic appearance of a shadow will be 
destroyed if one draws about it a black line which coincides 
with the penumbra of the shadow. This encircled shadow 
becomes darker and assumes the appearance of a surface- 
color. Using such a shadow as background and a smaller 
disc as infield, Kardos (8) demonstrated that with the en- 
circlement of the shadow the disc appeared, not brighter as 
one might predict from a superficial consideration of the laws 
of brightness contrast, but considerably darker. The effect 
was relatively independent of the size of the field, and could 
be produced as easily with a white as with a black line. An 
explanation in terms of contrast exercised directly by the line 
is thus disposed of. The customary explanation of the effect 
is that where the shadow is perceived as shadow it functions 
as a special local illumination, with the result that the disc 
undergoes a brightening in accordance with the laws of bright- 
ness-constancy; whereas after the destruction of the penumbra 
the shadow is transformed into a surface-color, and the disc 
is seen as darker but in the brighter illumination of the room. 

In the Kardos experiment there can be no questioning the 
fact that the unencircled shadow appears as a shadow, 1.¢., a8 
an area of reduced illumination, and that with the addition of 
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the encircling line the character of shadow is lost and is re- 
placed by an appearance approximating that of surface-color. 
In order to obtain a measure of the change in brightness 
induced by the addition of the line, the author repeated the 
Kardos experiment in the following way: On an upright black 
cardboard a circular white line, 5 mm thick, was painted, and 
upon this a circular shadow with a perceptible penumbra of 
approximately 2.5 cm was focussed in such a way that the 
penumbra coincided approximately with the line. In spite 
of the fact that the penumbra necessarily overlapped the line 
to a certain extent, the Hering effect was perfectly clear. 
Instead of a shadow, the observers saw without exception an 
intense, almost liminous black, surrounded by a white line. 
It was usually described as a ‘velvety’ or ‘sooty’ black, and 
the observers, when questioned, usually assumed that it had 
been painted, that a piece of velvet had been pasted on the 
cardboard or that a hole had been cut, through which a velvet 
surface could be seen. When the cardboard with the line was 
suddenly removed, and replaced by an equivalent cardboard 
without any line, the appearance of the shadow changed. It 
was now seen simply as a circular shadow, considerably 
brighter than the velvet black of the previous observation, 
through which the color of the cardboard was clearly apparent. 

For purposes of measurement, a medium grey disc, 10 cm 
in diameter, was now set up 6 cm in front of, and at the center 
of, the shadow, so that the shadow would form its effective 
background, and, by means of a neutral color-wheel, equations 
Were made for each of the two appearances of the shadow? 
Table I gives the equations determined for 10 observers. 
The values are expressed in terms of degrees of white on the 
color-wheel, black being the only other component. Column 
? gives the equations for the disc seen against the encircled 
Shadow, Column 4 the equations for the disc seen against the 
unencircled shadow, and Column 4 the differences in bright- 
hess between the two steps. It will be seen that, in spite of 
the large individual differences customary in color-constancy 


3 * The experimental conditions and methods are almost identical ар 
Scribed in detail in MacLeod (13). 
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TABLE I 
Bricutness Equation ror Mepium-Grey Disc SEEN Acainst BACKGROUNDS OF 
ENCIRCLED AND UwENcIRcLED SHADOW; VALUES EXPRESSED ІЧ DEGREES 
or WHITE ON THE CoLor-WHEEL 


Q) @) (3) @ 4 


Obs. Encircled M peta raed кетон Difference 
H 135 180 45 
2 108 162 54 
3 63 86 23 
4 81 162 81 
5 63 96 33 
6 7 171 94 
7 117 144 аў 
8 63 81 18 
9 72 90 18 
Sum 779 1172 
Mean 86.6 130.2 E 7 
S.D. 25.2 19.7 


experiments, there is in every case a marked increase in 
brightness. 

Neither from a phenomenological nor from a quantitative 
point of view do these results differ significantly from those of 
other experiments in the field of color-constancy. Kardos has 
satisfactorily demonstrated that when we destroy shadow- 
character by introducing figural contours, we are in principle 
doing nothing other than replacing the shadow by a physically 
equivalent surface-color. This, as has been reported many 
times (9), yields the customary differences in brightness. 
Consequently, what we are comparing in the Kardos experi- 
ment is simply a shadow which appears as a shadow with a 
shadow which appears as a thing. We are still faced with the 
basic question: Must we have a distinction between thing- 
appearance and shadow-appearance, i.e., between object-color 
and impression of illumination, if we are to produce these 
changes in brightness which we have termed color-constancy 
phenomena? 

The problem obviously demands a further ‘artificializing’ 
of the experiment. In a sense, we have already departed far 
from the conditions of everyday perception. The shadows of 
everyday life are usually tri-dimensional rather than bi-dimen- 
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sional; they are usually cast by clearly perceptible objects, 
standing before light sources which are not concealed; and 
they are frequently in motion. Under such conditions, as 
Katz has shown (9), color-constancy may be perfect. The 
fact that, even under the unusual conditions of the laboratory, 
analogous results may be obtained is a tribute to the basic 
character of the visual processes involved. The question now 
is whether the phenomena will continue to appear even under 
conditions so artificial as to preclude the perception of a special 
illumination as such. i 


EXPERIMENT WITH UNRECOGNIZED SHADOWS 


This result was obtained by means of a further modifica- 
tion of the Hering ‘spot-shadow’ experiment, whereby two 
shadows, one encircled and one unencircled, were presented 
side by side in such a way that light-source and shadow- 
casters were concealed from the observer and the judgment 
that either one was a shadow was rendered exceedingly 
difficult. 


Figure r illustrates the apparatus used in the experiment. Against a uniform black 
wall (4) in a dark room two black cardboard screens (Ji, Br—72 X 56 cm) were set up 
side by side. Behind each screen was a motor with a shaft long enough to project 
through a hole and permit the rotation of a color-wheel (Ci, Сз) approximately 1 cm in 
front of the screen. The spatial separation of color-wheel from screen was too small to 
be perceptible. Each color-wheel was fitted with variable black and white discs, 10 
cm in diameter, and their centers were separated from each other by a distance of 62 cm. 
The only source of illumination was a 100 watt daylight lamp (D), attached to a stand 
142 cm in front of the screens and so placed that the two screens received exactly equal 
amounts of light. Between the lamp and the screens were placed two circular metal 
discs (Fs, Es), each attached by a thin wire to a stand in such a way that it cast a round 
Shadow on the corresponding screen. The shadow was in each case centered about the 
Totating disc. Around one of the shadows a 4 mm white line was drawn so as to coin- 
Cide exactly with the penumbra. ‘The diameter of each shadow was approximately 
30cm. Тһе observer sat at a distance of 200 cm behind a large screen with an observa- 
tion-window (F) which could be opened or closed by the experimenter. The obser- 
Vation-window was so placed as to reveal the two color-wheels with their surrounding 
Shadows and their black cardboard backgrounds but conceal the light-source and the 
Shadow-casters, The observation-window could also be fitted, when necessary, with a 
Teduction screen, by means of which the physical equivalence of the two shadows could 
be tested, 38 observers were used, all drawn from the elementary course in psychology, g 
In terms of previous knowledge of the problem they could all be considered as naive. 


*This experiment was performed in 1932 in the Laboratory of Psychology at 
Cornell University. 
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Fio, 1. 4—uniform black wall; B, В, —Ыаск cardboard screens; Ci, Ca—color- 
wheels; D—light-source; Es, E:—shadow-casters; F—observation window; O—observer. 
Dimensions given in text. 


The procedure consisted of three steps, and was uniform for all observers: 

Step I.—The two color-wheels were fitted with black and white sectors, adjusted in 
each case at 180° white and 180° black, and set in rotation before the O was brought 
into the room. The light was switched off until the O was seated in a chair behind the 


observation screen, and was then immediately switched on again. After a few minutes” 


for adaptation to the new illumination, the observation-window was opened and the 0 
was asked to describe in detail everything he could see, using any terminology, scientific 
or otherwise, which seemed most appropriate. These descriptions were recorded by 
the experimenter. 

Step II —With the color-wheel in the unencircled shadow remaining unchanged, 
the color-wheel in the encircled shadow was varied, by means of a modified form of the 
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method of limits until a brightness * equation for the two discs had been obtained, 
The modification involved merely a shortening of the standard procedure, the equation 
being based on 4 individual determinations, 2 ‘up’ series and 2 ‘down’ series. It was 
felt that the resulting loss in precision was less serious than would be the effects of 
fatigue іп a longer series. In any case, the reliability of the brightness differences found 
is beyond question. No time limit was set for each exposition, but the Os were in- 
structed to make their judgments as quickly as possible, shifting fixation back and 
forth from one disc to the other until a judgment could be formed. The observation 
time ranged from 3 to 5 secs. foreach judgment. Af the conclusion of the equation the Os 
were asked to examine the apparatus, and the structure of the situation was carefully ex- 
plained to them. 

Step III.—A few days later а new equation was determined under exactly the 
same conditions as in Step IJ, the only difference being that this time the О had full, 
knowledge of the structure of the situation before him. 


Table II summarizes the quantitative results of the experi- 
ment. The symbols SS, SC and CC indicate the status of 


TABLE II 


Summarizep RESULTS or EXPERIMENT WITH UNRECOGNIZED SHADOWS: 
EXPLANATION IN TEXT 


в) @) (з) [61 
cc 
Obs. | Standard | Step 2 Step 3 
I 180 225.0 | 226.3 
2 180 232.5 | 236.2 
3 180 230.0 | 191.3 
4 180 244.3 | 230.0 
5 180 225.0 | 235.0 
6 180 197.5 | 197.5 
7, 180 235.0 | 226.3 
8 180 192.5 | 192.5 
9 180 185.0 | 197.5 
To 180 196.3 | 212.5 
її 180 206.3 | 208.8 
12 180 195.0 | 217.5 
13 180 218.8 | 208.8 
14 180 195.0 | 190.0 
15 180 195.0 | 207.5 
16 180 | 200.0 | 225.0 
17 180 215.0 | 217.5 
18 180 220.0 | 215.0 
19 180 202.5 | 205.0 
20 180 205.0 | 210.0 
21 180 212.5 | 201.3 
22 180 222.5 | 215.0 
23 |: 180 200.0 | 192.5 
к 
Sum 


4850.7 |4859.0 
M 180 210.9 bea 
15.8 | 13.8 


* The meaning of ‘brightness’ had been established іп StepI. Ifany doubt seemed 
to exist, it was defined as a ‘nearness to white? 


8 ` А, B. MACLEOD 


the two shadows as they were apprehended by the О in Steps 
I and II, and are to be interpreted as follows: SS—both 
shadows apprehended as shadow; SC—unencircled shadow 
apprehended as shadow, encircled shadow apprehended as 
color; CC—both shadows apprehended as color. Columns 3 
and 4 give the first and second equations respectively, ex- 
pressed in terms of degrees of white on the color-wheel in the 
encircled shadow with the other color-wheel constant at 180° 
W, 180° B. Column 5 gives the differences between the two 
equations in terms of degrees of white. The results of the 
three steps may be discussed separately. 

Step I—A detailed phenomenological description may be 
omitted, since the reports of the Os did not differ radically 
from those which we have come to expect in color-constancy 
experiments. All Os found the task of describing what they 
saw difficult, and were embarrassed by their lack of an ade- 
quate vocabulary. Such terms as brightness, lightness, clear- 
ness, etc., did not suffice to characterize the differences be- 
tween the two halves of the field, and frequently such terms 
as feathery, spongy, soft and fuzzy, were employed. Without 
exception both the encircled shadow and the disc at its center 
appeared distinctly darker than the unencircled disc and 
shadow, and in many cases the encircled disc bore a tinge of 
brown which was absent from the other. This is, of course, 
an example of the commonly observed fact that any stray 
chromatic light, in this case reflected from the slightly brown- 
ish floor, may under appropriate conditions become effective 
as surface-color. In many cases the two shadows produced 
different impressions of depth, but, apart from the observa- 
tion, the unencircled shadow was more difficult to localize in 
a single plane, no strikingly significant generalizations can be 
made from the reports. 

Of the 38 Os, 7 reported immediately or after deliberation 
that what they were observing was two shadows ; 8 reported 
that the unencircled portion was a shadow and the encircled 
portion a colored surface; and 23 saw both shadows as colored 
surfaces. In every case the O at the end of his description 
was asked to advance an hypothesis as to how the experi- 
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mental situation had been constructed, and even then not one 
of the 23 referred to succeeded in guessing that shadows were 
being used. The most common hypothesis was that the sur- 
faces had been painted different shades of grey, and the reports 
frequently included uncomplimentary remarks about the ex- 
perimenter’s ability as a painter. Although the color-wheels 
were so well-constructed as to produce no perceptible move- 
ment in the rotating discs, the sound of the motors was clearly 
audible, and the suggestion of something rotating was con- 
sequently very strong. In several cases it was assumed that 
the shadows themselves, rather than the discs, were doing 
the rotating. As soon as Step II was begun, of course, it 
became clear that the grey surface at the center of each shadow 
was a color-wheel. 

We may infer from these observations that in approxi- 
mately 60 percent of the cases there was no perception of a 
special or anomalous illumination. All that the Os could say 
about the illumination was that it came from a concealed 
source in front of them. Even in those cases in which the 0 
described one or both of the shadows as shadow, one may still 
raise the question as to whether he actually saw it as shadow 
or simply made a clever inference. It is a common observa- 
tion in the spot-shadow experiment that in spite of one’s 
knowledge one cannot actually see the encircled shadow as 
shadow. Fortunately for the thesis here defended, the issue. 
is not a particularly important one. If the Os who gave SS 
reports saw one shadow as shadow and the other as color, 
which seems most probable, they can be included among those 
who gave SC reports. If they saw both shadows as shadow, 
the thesis that the shadow-appearance is irrelevant to the 
basic differences in brightness becomes thereby stronger. 

_ Step II.—In view of the wide dispersion in the quantita- 
tive results, the mean equations for the three groups of Os 
cannot be considered as in themselves of significance. Ac- 
cording to the results obtained, the mean equations: SS— 
222, SC—227.3, CC—210.9, might suggest that in com- 
Parison with the other two groups the CC group showed a 
smaller brightening effect, and consequently a lower degree 
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of color-constancy, than did the other two groups. If we 
group the SS and SC results together, however, and test 
statistically for the reliability of the difference between their 
combined mean and that of the CC group, we obtain a stand- 
ard error of the difference of 7.3, which gives a critical ratio 
of only 1:7. To obtain a reliable difference between the two 
groups we should have to use a much larger number of sub- 
jects and a more precise method of measurement. Should 
such a difference be established, the following two hypotheses 
would have to be tested: (1) that the impression of shadow 
produces a change of attitude in the O, or a loosening of the 
structure of the field, which facilitates the emergence of color- 
constancy phenomena; (2) that the ease or difficulty with 
which a shadow is perceived as a shadow is a manifestation 
of a fundamental property of the perceptual system of each 
person, a property which expresses itself correlatively in a 
high or low degree of color-constancy. The available evidence 
would suggest that both hypotheses are correct, that they 
represent, in fact, merely different approaches to the same 
central problem, namely that of the relation between per- 
ceptual attitudes and perceptual phenomena. Unfortunately 
the question of individual differences in color-constancy: has 
not yet been exhaustively studied. 

.More important than the differences among the three 
groups of Os, however, are the similarities. Without excep- 
tion the equations showed that the disc in the unencircled 
shadow was distinctly brighter than that in the encircled 
shadow; and this relationship obtained whether the shadows 
were apprehended as shadow or as color. The equations are 
not exactly comparable with those obtained in the preliminary 
experiment, since the standard greys which were used were 
not the same and the conditions of observations were much 
more difficult in the main experiment. It is interesting to 
note, however, that whereas the mean difference between the 
two sets of equations in the preliminary experiment was 43.7^ 
the differences between the two situations (i.e., the equation 
minus 180°) for the SS, SC and CC groups were respectively 


5 A review of the correlational studies is included in Sheehan (14). 
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44.2, 47.3 and 30.9. There can be no challenging the fact 
that in the two experiments we are dealing with essentially 
the same phenomenon. A 

The following conclusions may accordingly be drawn from 
the results of Steps I and II: (1) The mere fact that one 
shadow is encircled and the other is not results in a significant 
difference in brightness in their respective infields, even when 
the shadows are not perceived as shadows. (2) The difference 
is not- reliably smaller when neither shadow is perceived as 
shadow than when one or both are perceived as shadow. (3) 
This difference is unquestionably a special case of what has 
traditionally been referred to as color-constancy. 

Step ITI.—The results of Step Ш are difficult to interpret 
in a positive way. We have no a priori grounds for belief 
that a change in the Os understanding of the situation should 
affect his perceptual attitude to any significant degree. If 
one were to accept a crudely Helmholtzian position, and at- 
tempt to explain color-constancy phenomena as due to un- 
conscious errors in judgment, the present results might serve 
as further evidence against such a view. ‘The mean differences 
between the two equations are insignificant in all three groups, 
and the differences are scattered almost equally in the plus 
and minus directions (cf. Table III). In other words, with a 


TABLE III 
DIRECTION or CHANGES REGISTERED IN Srep III; Numsers Represent Os 
Appearance + a | ° Total 
cc iz 9 2 23 
SS 3 3 1 7 
sc 3 5 о 8 
Total 18 17 3 38 


fuller understanding of the situation on the part of the 0, 
phenomenal equality does not evince any significant change in 
the direction of physical equality. Fortunately the Helm- 
holtzian argument is nowadays seldom advanced, so that our 


* Gf. Henneman (4), p. бй. As one variation in his experiments in brightness 
constancy, Henneman compared equations before and after instruction as to the real 
albedos of the surfaces involved, and found only unreliable differences. 


12 R. B. MACLEOD 


conclusion from Step III simply confirms for the present ex- 
periment what has been found by many investigators. We 
may conclude that the phenomena which we are here studying 
depend on factors which are independent of our knowledge 
of the physical structure of the situation. 


SUPPLEMENTARY EXPERIMENT ON THE EFFECTS OF 
INTENTIONALLY CHANGED ATTITUDES 7 


The results of Step III raise numerous questions about 
the possible effects on the equations of intentionally changed 
attitudes in the Os. In the following experiment the Os were 
permitted to make a naive equation first. The situation was 
then analyzed and explained to them, and immediately after- 
wards they were instructed to disregard as completely as pos- 
sible the phenomenal differences between the two shadows, 
and to make an equation which corresponded to the physical 
situation. Such tricks as squinting, observing through gaps 
between the fingers, etc., were, of course, prohibited. The 
experimental situation was similar to the one already de- 
scribed, with the exception that the observation distance was 
reduced to 80 cm. The О was brought into the room blind- 
folded, and seated on the floor immediately in front of the 
cardboard screens. "The light and shadow-casters were thus 
behind the О, and consequently had to be raised somewhat 
so that the Os shadow would not fall on the screens. In 
keeping with Katz's first law of field size (9) this position was 
much more favorable to the production of color-constancy 
effects than was the one adopted in the previous experiment. 
The disc in the encircled shadow, set at 360? white, was used 
as standard, and the equations were made on the-disc in the 
unencircled shadow. The method of limits was used as before, 
except that in this case 10 determinations (5 *up' series and 
5 ‘down’ series) were made for each equation. 

Table IV presents the quantitative results of the experi- 
ment. Columns 3 and 6 give the brightness equations, ex- 
pressed in terms of degrees of white, registered on the color- 

7 The following experiment was performed under the writer’s direction by Miss 


Kristel Fuchs in the Psychological Laboratory of Swarthmore College. The Os were 
undergraduate students at Swarthmore. 
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wheel in the unencircled shadow under the two sets of 
instructions. Columns 4 and 7 give the corresponding differ- 
ences between these equations and the standard disc (360? 
white) in the encircled shadow. Each of these equations 
represents the mean of то separate determinations. The 


` average deviations of each group of 10 are presented in columns 


5 and 8. 

Three points are worth noting in connection with these 
results: (1) In spite of the difference in instruction, the two sets 
of equations do not differ significantly from each other. We 


TABLE IV 
EFFECT or INTENTIONALLY CHANGED ÁTTITUDE 
‘Naive’ Attitude ‘Physical’ Attitude 

(x) (2) (3) (4) (s) (6) (7) (8) 
I 360.0 171.0 189.0 12.6 174.0 186.0 17.6 
2 360.0 161.0 199.0 12.9 156.5 203.5 28.2 
3 360.0 144.0 216.0 3.6 144.0 216.0 22.3 
4 3бо.о 140.0 220.0 8.6 142.0 218.0 16.9 
5 360.0 122.5 237.5 18.3 126.0 234.0 14.4 
6 360.0 120.5 239.5 9.7 104.0 256.0 11.9 
7 360.0 119.0 241.5 79 115.5 | 244.5 26.0 
8 360.0 119.0 241.0 9.0 110.0 250.0 22.0 
9 360.0 118.5 241.5 10.8 112.0 248.0 18.7 
10 360.0 108.0 252.0 7.2 112.0 248.0 19.4 
Ir 360.0 108.0 252.0 7.2 108.0 252.0 18.7 
M 360.0 130.1 229.9 9.8 127.6 2324. 19.6 

Sigma 20.1 22.1 


(1)—observer; (2)—standard disc in encircled shadow; (3) and (6)—equations 
for (2) on disc in unencircled shadow; (4) апа (7)—differences between standard and 
final equation; (5) and (8)—A.D.s of individual equations. All values represent degrees 
of white on the color-wheel. 


may conclude, then, that under these conditions even a deliber- 
ate attempt to adopt a ‘physical’ attitude does not enable the 
observer to overcome the effects of the differently organized 
fields. (2) If the average deviation may be accepted as a 
crude measure of precision, we may conclude that the major 
effect of the changed instruction was to lower the precision of 
the judgments. This is supported by the reports both of the 
Os and of the experimenter. At the beginning of the ‘phys- 


ical? series the Qs tendency was always to make a deliberate 
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correction by choosing a value which was obviously too dark, 
and then in successive determinations to swing back in the 
direction of the ‘naively’ perceived equality. In many cases, 
in fact, this swing actually led to an overcompensation in the 
opposite direction. (3) In spite of the fact that the brightness 
values in this and in the preceding experiment cannot be re- 
duced to a common absolute scale, it is immediately evident 
that the brightness differences are even more marked here than 
they were in the previous experiment. Ifa less favorable ex- 
perimental situation had been chosen, the change of instruc- 
tion might have had a more significant effect.* 

Until the concept of perceptual attitude has been clarified, 
and further experiments have been performed, the conclusions 
drawn from this experiment may be considered as valid only 
within the limits of the experiment itself. It is clear that the 
brightness differences here observed are so compelling as to 
resist the influence of any formal instruction. There can be no 


doubt, too, that this represents the state of affairs in everyday. 


perception. We cannot, ina fully illuminated room full of dark 
objects, reverse the relationship between object-color and im- 
pression of illumination, and by an act of will see all the objects 
as bright and the illumination as dark. The structure of the 


situation is altogether too stable. There are cases, however, * 


as every investigator in this field knows, in which analogous 
reversals do take place. What appears at one moment as a 
spot of light in reduced general illumination may suddenly 
transform itself into a dark color in a strong local illumination; 
and the alternative appearances may continue to fluctuate 
back and forth for some time. In such cases the reversal 
may be facilitated by slight changes in stimulus organization.? 
Sometimes, however, the reversal seems to take place of its 
own accord, or even in response to the voluntary effort of the 
* This may account in part for the apparent conflict between these results and 
those of Henneman (45 p.63 f). Henneman found that by careful training he could 
induce a reliable shift in perceptual attitude in some of his subjects. 
, "С. Gelb (2). In an otherwise dark room Gelb focussed a beam of light on a black 
disc so as to make it coincide exactly with the boundaries of the disc. The disc in 


consequence looked white, He then introduced a piece of white paper in front of the 
disc, and the disc immediately ceased to appear as white in the reduced illumination of 


the room, but was seen as black in the bright special illumination of the beam of light. _ 


| 
| 
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observer. In such cases one is tempted to speak of a change 
in perceptual attitude, t.e., a change within the perceptual 
system of the observer which brings about corresponding 
changes in the field. The problem seems to be exactly anal- 
ogous to that of reversal in spatial designs. Reversals do not 
take place under ordinary conditions of stable organization; 
they begin to appear only when there are alternative sets of 
determinants of approximately equal strength. Although 
under such conditions a certain amount of voluntary control 
seems to be possible, the reversal does not appear to be regu- 
lated entirely by the effort of the observer. It may take 
place even when the observer is endeavoring to resist it; and, 
in any case, the function of the observer's volition seems to be 
to set the stage for the reversal rather than actually to cause it. 

It is clear, then, that the study of these perceptual atti- 
tudes in connection with the phenomena of brightness con- 
stancy will have to be made under conditions analogous to 
those which give the best spatial reversals, i.e., in a field in 
which the determinants of perception are less stably organ- 
ized than was the case in the foregoing experiment. 


CONCLUSIONS 


_ I. To state one major conclusion in a positive way, we 
may assert that some of the phenomena of color-constancy 
are independent of the perception of a special or anomalous 
illumination. "This contradicts the common assumption that 
the constancy of color is maintained by means of a special 
process whereby the prevailing illumination is independently 
Perceived and ‘discounted’ or ‘corrected for’; and it supports 
the view that a finally satisfactory explanation of color- 
constancy will have to be sought in the elementary conditions” 
of field dynamics. Against such a conclusion may be argued: 
(а) that our experiments have not contained valid examples 
of color-constancy, and (b) that our conclusion cannot be ap- 
plied to all, nor even to the most striking, cases of color-con- 
Stancy. The first objection may be disposed of simply. If 
Color-constancy phenomena are to be considered, by defini- 
Чоп, as only those in which a color is perceived as constant in 


16 R. B. MACLEOD 


spite of an illumination which is perceived as changed or 
changing, then our crucial cases in the second experiment must 
obviously be excluded. This leaves us in the ridiculous posi- 
tion of admitting the SC cases as valid but excluding both SS 
and CC cases, whereas the observations of all three groups 
were, except for their impressions of illumination, strictly 
comparable. If, on the other hand, we restrict the term 
*color-constancy phenomena’ to those cases in which actual 
changes in physical illumination have been introduced, we 
should have to reject Hering’s spot-shadow experiment and 
Katz’s technique of ‘reduction,’ both of which have been ac- 
cepted as valid since the problem was originally formulated. 
In the common examples of color-constancy we have a phe- 
nomenal equality (i.e., equality of brightness) in spite of 
physical difference (i.e., difference in intensity of reflected 
light). In our experiments we have held the physical situa- 
tion constant as to intensity of reflected light and produced a 
phenomenal inequality. There can be no logical objection to 
such an inversion of procedure. The phenomena we obtain 
are still phenomena of *color-constancy." 

The second objection finds us in a more vulnerable posi- 
tion. We have demonstrated that some color-constancy phe- 
nomena are independent of a special impression of illumina- 
tion, but we cannot prove that the impression of illumination 
is irrelevant to all such phenomena. The apparent impor- 
tance of such an impression in everyday perception suggests 
two possible hypotheses: (1) that there are two causal prin- 
cipals involved, both of which bring about the same changes in 
brightness, one of which rests on the perception of illumination 
as such and one of which rests on more obscure conditions of 
field organization; (2) that there is only one causal system 
involved, that this is to be described in terms of field-organiza- 
tion, and that the impression of illumination is an epiphenom- 
enon, a parallel but not necessary result of the operation of this 
system.! Of the two hypotheses, the second is the simpler, 
and for that reason preferable; but until more evidence is 
available the first cannot be eliminated. 


ў 0 We reject as unworthy the logical alternative that the impression of illumination 
is always there as a causal factor, but sometimes operates unconsciously. 


^. үе 
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II. So far, we have accepted without question the term 
*color-constancy,' in spite of the fact that it has proved a 
continual source of embarrassment. The scientific value of 
the concept of ‘phenomenal constancy’ has already been 
questioned by other writers," and other terminology has been 
proposed. ‘The present study strengthens the objection to the 
concept, but fails to support some of the alternative formu- 
lations. . 

The principle of phenomenal constancy in its traditional 
formulation derived its significance from the fact that tradi- 
tional perceptual theory postulated a primary ‘pre-percep- 
tual’ correlation between stimulus and sensation. The prin- 
ciple served, consequently, to indicate important discrepancies 
between physical and phenomenal change. Color, shape and 
size do not change in exact accordance with changes in retinal 
stimulation, but seem to be codrdinated rather to the rela- 
tive invariance of objects in the physical world.!2 As such, 
the principle has been of immense service in the experimental 
attack on problems of perception, and the ‘constancy’ phe- 
nomena have become basic to the construction of a more ade- 
quate perceptual theory. There are several reasons, however, 
for considering the concept of constancy as a superfluous, if 
not a dangerous, concept in any scientific treatment of the 
problems of perception. In the first place, thé principle as 
formulated implies the very hypothesis which it has helped to 
demolish, namely that of a primary correlation between 
stimulus and sensation. Having relinquished this hypothesis, 
it is misleading for us to continue to talk in terms of discrep- 
ancies between the physical and the phenomenal. Such dis- 
сгерапсіеѕ no longer constitute a problem. Secondly, our use 
of the term tends to result in the singling out of certain groups 
of phenomena which can be so designated and considering 
them as special cases, governed by special laws. Gelb argued 
10 1929 (2), and all subsequent writers have agreed with him, 
that there is nothing unique about the phenomena of color- 
constancy. The ‘normal’ color of Katz is in no sense an 


2 Cf. Gelb (2), Thouless (15), Helson (3). 
Cf. Koffka's distinction between proximal and distant stimulation (12, ch. 3). 
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absolute, since each situation creates its own standard of 
normality, and we are consequently not justified in speaking 
of the ‘central transformation’ of a color impression in the 
direction of the normal. The perception of a color in an 
‘abnormal’ illumination is no more, and no less, a problem 
than is the perception of a color in a ‘normal? illumination. 
The central problem is, rather, to explain why any given color 
appears as it does under any given set of conditions." 

A third, and much more serious, difficulty with the concept 
of constancy is that it is essentially normative in character. 
Without disparaging the value of a functional approach to the 
study of perception, we must recognize that the postulate of a 
“tendency in the organism to hold perceptual objects constant’ 
tuns the danger of becoming an explanatory principle. There 
can be no questioning the fact that under ordinary conditions 
of living such a result is actually achieved, and that if it were 
not, the organism would have no stable world within which 
to live. From an evolutionary point of view, too, we may 
assume that the equipment responsible for such an achieve- 
ment has developed because it is of survival value. We might 
even be justified in linking it with the processes which underlie 
homeostasis, and considering both as revealing a general bio- 
logical principle. In the present state of our knowledge, how- 
ever, it is dangerous to invoke such a general principle when 
we are attempting to give a causal account of specific phe- 
nomena, for it leads us to assign arbitrary value to a phenom- 
enon in accordance with its degree of approximation to the 
norm. 

Recognizing this difficulty, Thouless (15) and Brunswik 
(1) have independently contended that the phenomenal object 
should be considered as an intermediate, or compromise be- 
tween two poles, at one of which is the stimulus complex, and 
at the other the ‘real’ (physical) object, a point of view which 
Woodworth has recently supported (17, ch. 24). Thouless has 


ү Helson (3) has admirably defended this thesis in his study of the color of non- 
selective samples in chromatic illumination. It is to be hoped that further experimen- 
tation will enable him to extend his principle to include changes in color related directly 
to changes in field-organization. 
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suggested "phenomenal regression to the ‘real’ object" as an 
alternative to *phenomenal constancy. Aside from its un- 
intentional implication of a temporal course, which exposes it 
to the attack directed against the concept of transformation, 
the concept of phenomenal regression may also be criticized 
as being normative; it postulates a norm in the ‘real’ world 
which the phenomenal object approaches, and in terms of 
which it is evaluated. This, too, is a position which might 
conceivably be defended on epistemological grounds, but 
which should. come at the end and not at the beginning of a 
psychological inquiry. 

Our final objection to the concept of constancy is that it 
cannot be applied meaningfully to such observations as we 
have been reporting; yet, as we have already pointed out, 
these phenomena are essentially the same as those which con- 
form more exactly to the traditional definition of color-con- 
Stancy. In such an artificial situation as we have described, 
which gives us brightness differences which are referable solely 
to differences in the organization of the field, and which do 
not involve the intervention of special impressions of illumina- 
tion, there is no suggestion of a ‘constancy of brightness.’ 
We might, of course, consider them as curiosities or aberra- 
tions of a color-constancy mechanism, analogous to the ‘illu- 
sions’ of Spacé-perception. That, however, would be to reject 
the possibility that the determinants of brightness, like the 
determinants of space, can be coordinated into a unitary 
System of laws. Nor does the concept of phenomenal regres- i 
sion prove to be any more serviceable. Neither of the afore- 
mentioned shadows can be said to be more ‘real’ than the 
other. Unless we stretch both our logic and our epistemology, 
we cannot consider either degree of brightness as a compromise 
between two end states. Each degree of brightness is valid 
for the conditions under which it is perceived, and if we are 
to seek an explanation, we must do so by means of a more 
precise formulation of those conditions. Itis not likely that 
the term ‘phenomenal constancy’ will be dropped from our 
Psychological vocabulary. ‘It represents an important chap- 
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ter in the history of experimental psychology, and it can still 
assist in the initial formulation of new problems. It seems 
highly desirable, however, that further investigations of *con- 
stancy' problems should be conducted within a different 
framework. 

III. On the positive side, the present experiments suggest 
the possibility that at least some of the phenomena of color- 
constancy may be incorporated within a general theory of 
color-perception which gives due weight to conditions in the 
surrounding field. The fact that brightness differences may 
be induced by means of changes in field organization without 
any accompanying changes in stimulus intensity points toward 
the existence of an important correlation between brightness 
and certain factors of field organization. 

The crucial factor which seems to be operative in the 
present experiments is the contour. The substitution of a 
precise contour for the typical blurred contour of the shadow 
results in a decrease in the brightness of the included area, 
i.e., in an enhancement of the brightness difference between 
infield and circumfield. In the somewhat similar Florkontrast 
experiment, which also involves blurring of contours, exactly 
the opposite result is obtained. The greatest mutual en- 
hancement of brightness differences is found when the fields 
are seen through a blurring medium. This apparent con- 
tradiction must obviously be resolved by further experimenta- 
tion, and the logical point of attack lies in a further study of 
the functions of the contour. In a later report the author 
will describe experiments in which contours were artificially 
blurred and will examine the implications of these for a theory 
of brightness-perception. 


M Such a correlation has already been worked out in detail for the standard phe- 
nomena of contrast (16). Although a restatement of the problem of visual contrast is 
sorely needed, it is clear that the differences in brightness here reported cannot be ex- 
plained in terms of contrast in any of its traditional meanings. It seems more likely 
that the laws of surface contrast will prove to be special cases of more general laws 
which govern the interaction of areas in the visual field. 
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SUMMARY 


When the penumbra of a shadow is destroyed by an 
encircling line, the region within the line becomes darker, a 
phenomenon which is usually accepted as an example of color- 
constancy. In the present experiment two equivalent shad- 
ows, one encircled and the other unencircled, were used, and 
measurements of brightness difference were made by means of 
rotating discs inserted within the shadows. It was found: 
(1) that the characteristic difference in brightness was present 
even when neither shadow was perceived as shadow; (2) that 
this difference persisted even after full explanation of the 
experimental conditions to the Os; (3) that the difference 
persisted even when the Os were instructed to disregard the 
phenomenal difference in brightness and equate for the phys- 
ical properties of the situation. It is argued: (1) that the 
impression of anomalous illumination is not a necessary con- 
dition of some color-constancy phenomena; (2) that some of 
these phenomena are more properly referable to conditions of 
field-organization; (3) that the concept of ‘constancy’ is now 
of dubious value in the study of the determinants of color. 


(Manuscript received January 14, 1940) 
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PITCH AND FREQUENCY MODULATION : 


BY DON LEWIS, MILTON COWAN, AND GRANT FAIRBANKS 
State University of Towa 


This report is the first of two to be concerned with an 
investigation undertaken to determine the principal psycho- 
physical relationships which exist between the perception of 
pitch and the extent and rate of frequency modulation in 
short pulses of sound. The results of the investigation should 
have more than theoretical interest: in addition to their ob- 
vious bearing on auditory theory, they should relate basically 
to various aspects of pitch perception in speech and music; 
and especially in speech. In fact, the investigation is an out- 
growth of the interest of the authors in the perception of pitch 
patterns in speech. Any one who is at all familiar with the 
physical analyses that have been made of continuous dis: 
Course realizes that the fundamental frequency of speech 


‘sounds is almost never constant, even for very short intervals 


of time, but is almost always changing in one way or another. 
Teachers of speech refer to voice inflections of various types. 
These inflections arise from changes in frequency (modula- 
tion); and both the extent and rate of change are often very 
great. The mean rate of change, as found by Fairbanks and 
his students (2), is around 17 tones per second in the voices of 
Superior speakers, and changes in excess of two octaves in a 
tenth of a second have been measured by Cowan (1). 

At the outset of the investigation, three specific aims were 
formulated. They were: (a) to determine the perceived ex- 
tent of pitch change as a function of the extent and rate of 
frequency modulation; (b) to determine threshold values for 
the detection of direction of pitch change, the thresholds to 
be expressed in terms of either extent or rate of modulation; 
and (c) to evaluate the experimental results in terms of current 
auditory theory.. The present report deals with results re- 
lated to aim (а). Other features of the more general problem 
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have been investigated by Lewis and Pepinsky and will be 
treated in a subsequent paper. 


The typical stimulus used in the investigation was a short pulse of sound of given 
duration and given extent and form of frequency modulation. All of the various pulses 
were produced by modulating the output of an oscillator. Eventually, in order to give 
an adequate picture of pitch perception in speech, it will no doubt be both necessary 
and desirable to deal directly with typical speech sounds, as Root (5) and Peters (4) 
have already attempted to do. However, as a beginning, it was deemed advisable to 
use stimuli which could be controlled with considerable exactness. 

The apparatus employed in producing the stimulus sounds consisted essentially of 
a rotary-type air condenser which was connected in parallel with the tuning condenser 
of the fixed oscillating unit of a beat-frequency oscillator. A schematic drawing of the 
condenser is shown in Fig. 1. As the rotor was revolved, changes in capacitance oc- 
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curred, and these changes induced changes in frequency. Similar instruments have 
often been used to produce ‘warble tones’ for reverberation time measurements, and 
Shower and Biddulph (6) used a similar condenser to produce the stimuli for their 
investigation of differential thresholds for pitch discrimination. The present apparatus, 
however, was unique in its provision for electrostatic shielding. As shown in Fig. 1, 
the rotor was semi-circular in form. When it was either completely over or completely 
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off the face of the stator, there was no detectable change in capacitance even though the 
rotor was moving. It was found, however, before the shielding feature was introduced, 
that capacitance changes occurred as the edge of the rotor approached the edge of the 
stator. This trouble was eliminated by means of shielding. "The construction was as 
follows: A large square plate was covered over its entire face with aluminum foil, the 
foil being insulated from the plate by a layer of cardboard. The stator segment proper 
was then cut out in the foil. All of the foil remained in place, but the stator segment 
was isolated from the surrounding foil by a narrow air space. The surrounding foil 
constituted the shielding. It and the rotor shaft, together with the rotor plate, were 
connected to the ground side of the oscillator. The shielding minimized the ‘edge- 
effect’ to a point where a change in capacitance could not be detected until the rotor 
plate actually began to pass over the face of the stator. А 

The form of the modulation was determined by the design of the stator segment. 
Two forms were used—sinusoidal and linear. Designing the linear stator presented no 
problem. The sinusoidal stator had to be corrected for curvature, and its final design 
was based upon a method of correction proposed by Kurtz and Larsen (3). When the 
linear stator was used, the output of the oscillator varied in frequency with time in a 
manner depicted in the upper part of Fig. 2. The type of frequency change which was 
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Secured with the sinusoidal stator is shown in the lower part of the same figure. It will 
be seen that, in either case, frequency remained constant for a certain interval of time 
and then changed either downward or upward to another steady-state period. 

The actual stimuli all were short pulses in which frequency varied from beginning 
M end. These pulses were secured through the use of a special switch, fastened to, but 
insulated from, the rotor shaft, which made it possible to ‘pick out’ any desired portion 
of the oscillator Output. For example, when downward modulation was wanted, the 
Switch was set to pick out only that portion of the oscillator output which lies, in Fig. 2, 
between Tzand Ts. Isolation of the portion between Ts and Ts gave upward modula- 
tion. The extent of modulation was controlled by adjusting the distance between the 
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rotor and stator plates. The duration of a pulse, which naturally determined the rate 
of modulation for any given extent of modulation, depended upon the rotational speed 
of the rotor. 

The output of the oscillator could be led either into a loud speaker or into ear- 
phones; or, as was more usual, it could be led into the cutting head of a phonograph 
recorder. The stimuli were typically presented to the observers from phonograph 
records. The phonograph technique was used because of the difficulties involved in 
changing the condenser from a setting for one rate or extent of modulation to another 
setting. The various stimuli could easily be recorded separately, each one segregated 
from all the others, and then could be presented singly. Great care was taken in the 
recording as well as in the play-back, and the frequency-response characteristics of the 
recording and reproducing systems were properly equalized over the range of frequen- 
cies used. It is believed, therefore, that all important factors were sufficiently well 
controlled. 

Figure 3 shows an oscillogram of a typical stimulus, as reproduced phonographi- 
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cally. In this case, the duration of the pulse was 0.05 sec. The modulation was upward 
and its extent was five full tones. The frequency change was from As (= 220 cycles) to 
Gy (= 392 cycles) with D4 (= 293.7 cycles) as the geometric mid-point of the sweep. 
As indicated by the small variations in the amplitude of the oscillations in Fig. 3, the 
intensity of the pulse may not have been absolutely constant but, in any event, it did 
not vary by a significant amount. All of the phonographically reproduced pulses were 
without doubt essentially constant in intensity throughout their course. 
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That the form of the modulation agreed with what was expected from the design 
of the condenser plates may be seen from the graphs.in Fig. 4. The graph at the left 
presents information on a sinusoidal pulse which had a duration of 0.3 sec. and a down- 
ward frequency change from С; to Аз. An oscillogram was first made of the pulse. 
Measurements were then made on the film of the distances between successive points 
where the oscillographic tracing crossed the axis. These lengths were converted into + 


temporal values, and the reciprocals of the latter were taken to be indicative of fre- ~ 


quency. The dots in the graph depict the measured values, while the curve shows the. 
expected form of the frequency change. The dots all fall very close to the curve. 
Comparable information on a linear pulse is given in the right-hand graph. Measure- 
ments which were made on other pulses revealed that they also had the expected form. 
of modulation. 
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The first experimental procedure used in attempting to 
measure the perceived extent of pitch change arising from a 
stimulus pulse was to present the pulse and then, immediately 
thereafter, to present one-of several different pairs of pure 
tones, each pair delimiting a certain pitch interval. The ob- 
Servers were asked to judge whether the extent of pitch change 
in the pulse was greater or less than the extent of the interval. 
The pulse, whose duration and extent of modulation were 
known, was always presented first. A given pair of tones, 
Presented successively, followed the pulse. The two tones 
In a pair each had a duration of 0.5 sec. and were separated 
by 9.2 sec. The extent of pitch change in the pulse was 
Judged as either greater or less than the pitch extent set off by 
the succeeding pair of tones. "SETUP 
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A typical experimental series involved the use of three 
sinusoidal pulses which differed in duration but which were 
alike in the extent and direction of frequency change. The 
three durations were 0.10, 0.15, and 0.20 sec. The frequency 
change was downward and extended three tones—from Е, to 
B, The geometric mid-point was D4; that is, D above middle 
C. Five different intervals were used for comparison pur- 
poses. Their extents were 1.0, 2.0, 3.0, 4.0, and 5.0 tones 
(Df, to Сё, Ey to Cy, Fy to Bs, Е%, to Аё, and С, to Аз, with 
the geometric mid-point always D4). For this series, 19 ob- 
servers were used, all of whom were either graduate students 
or advanced undergraduate students in psychology. Each of 
the three pulses was paired with each of the five intervals, 
and each pair was presented ten times. Consequently, each 

. observer made ten judgments on each pulse in relation to 
each of the five intervals. The results are presented graph- 
ically іп Fig.5. Inthe figure, percentage of greater judgments 
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is plotted against the extent of the comparison intervals. 
There is a separate curve for each of the three pulses used. 
Each dot is based on a total of 190 judgments and shows the 
percentage of times that a pulse of designated duration was 
heard as having an extent of pitch change greater than the 
corresponding interval. For example, the pulse with a dura- 


PITCH AND FREQUENCY MODULATION 29 


tion of 0.15 sec. was judged, in 58 percent of the trials, to have 
a pitch change greater than an interval of 2.0 tones. The 
same pulse was judged to have a pitch change greater than an 
interval of 3.0 tones in only 34 percent of the trials. 

The mathematical procedure used in determining the point 
of subjective equality (P.S.E.) was to compute, by means of 
linear interpolation, the interval extent which corresponded 
to a percentage of 50. The three arrows along the abscissa 
indicate, in order from left to right, the location of the com- 
puted P.S.E.’s for durations of 0.10, 0.15, and 0.20 sec. The . 
values were 1.7, 2.3, and 2.8 tones. These values are inter- 
preted to mean that the three pulses were heard as having 
corresponding amounts of pitch change. Inasmuch as all of 
the pulses were modulated to the same extent (3.0 tones), 
extent of pitch change is shown to depend upon duration (or, 
more exactly, upon rate of modulation). 

Additional experimental series of a similar type were run, 
in which pulses of other durations and other extents of fre- 
quency modulation were employed; and all of the results in- 
dicated that the perceived extent of pitch change in short 
pulses of modulated sound is dependent upon both the rate 
and the extent of modulation. 

After exploratory work of this kind had been done, it was 
decided that a different procedure was perhaps equally, if 
not more, satisfactory. This procedure was based upon the 
method of equal-appearing intervals. It involved having 
trained musicians make direct estimations of the extent of 
Pitch change in various pulses in terms of standard musical 
intervals and sub-divisions of them. The trained musician 
typically is able to recognize standard musical intervals (as 
played on a piano, for example), and he is usually quite adept 
at detecting when an interval deviates noticeably from some 
Standard extent. For example, if he is asked to judge the 
extent of an interval which is close to but somewhat less than 
а perfect sth, he can ordinarily perceive not only that it is 
close to the 5th, but that it is closer to a 5th than to an aug- 
mented 4th. , Or, if an interval happens to fall some place 

etween a major and a minor 3d, he can give not only its 
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general location (as being between the two) but also a fair 
approximation of its more exact location (about mid-way be- 
tween the two, for example). 

The musicians who were chosen for observers were in- 
structed to estimate the extent of pitch change which occurred 
when various pulses were presented to them. By way of 
making the estimations as uniform as possible, they were 
asked to conceive of an interval continuum ranging from no 
extent (unison) up to an extent of a full octave; then, to ar- 

+ range the various standard musical intervals in appropriate 
order along this subjective continuum; and finally, to divide 
each semi-tone division of the continuum into sub-parts. As 
an example of subdivision, they were asked to think of the 
minor 3d as having a definite location in the continuum, with 
the major 3d a proper distance above it. Now, if a pulse 
gave rise to a perceived extent of pitch change which was 
judged, on first approximation, to be as great as the general 
extent of the thirds, they were to make, on more careful 
scrutiny, one of six possible estimations of extent: ‘minus 
minor 3d,’ ‘minor 3d,’ ‘plus minor 3d,’ ‘minus major 3d, 
‘major 3d,’ or ‘plus major 3d. This principle of subdivision 
was applied to the whole continuum, from unison to the octave; 
so there were, in all, 37 possible estimations of extent. The 
various divisions of the continuum were to represent equal- 
appearing extents. 

Any attempt to divide a psychological continuum of mag- 
nitude or extent into more than 12 or 15 equal-appearing steps 
is usually regarded as being extremely difficult. For this 
reason, the use of 37 steps in this investigation may seem 
quite unreasonable. It should be remembered, however, that 
trained musicians are able to use the standard musical inter- 
vals, which they have learned to identify quite exactly, as 
reference points (or sign-posts) by means of which they can 
‘keep their bearings. All of the musicians who served as ob- 
servers were quite confident of their ability to make the re- 
quired estimations. This confidence, together with the fact 
that the estimations were reasonably consistent from trial to 
trial, tended to establish the validity of the general procedure. 
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The practical advantage of the estimation technique over 
the comparison technique was that it drastically reduced the 
number of necessary judgments. Each estimation could be | 
used directly in computations of perceived extent. Com- 
parison judgments, on the other hand, could be used only 
indirectly, and many of them never contributed at all to the 
final results. { * 

A typical experimental series, in which the estimation tech- 
nique was employed, will now be described. Forty pulses, 
all with a duration of 0.10 sec., were the stimuli. Of the 40, 
20 were sinusoidal and 20 linear in form. The frequency 
modulation in half of the pulses of each form was upward in 
direction; in the other half, downward in direction. In all, 
then, there were four kinds of pulses: upward-sinusoidal, 
downward-sinusoidal, upward-linear, and downward-linear. 
The ten pulses of each kind differed in extent of modulation. 
The ten extents were 0.5, 1.0, 1.5, 2.0; 2.5, 3.0, 3.5, 4.0, 4.55 
апа 5.0 tones. The geometric mid-point of each frequency 
sweep was D, (=293.7 cycles). 

As indicated above, duration was held constant in this 
particular series. It was desired to determine, for the speci- 
fied duration, the essential relationship between perceived 
extent of pitch change and extent of modulation, and to dis- 
cover whether the relationship varied with either the form or 
the direction of modulation. Fourteen musicians served as 

_ observers. They were selected by a staff. member of the 
Department of Music from among graduate and undergrad- 
uate students in the department, on the basis of their recog- 
nized ability to identify and produce standard musical inter- 
vals. Most of them were violinists. They were asked to 
estimate the extent of pitch change in the various pulses, 
after the manner described above. As a routine procedure, 
each observer heard three repetitions of a given pulse before 
making an estimation. This number of repetitions usually 
sufficed, although a fourth presentation was occasionally re- 
quested and given. 

In the experimental trials, the stimulus pulses were pre- 
Sentedatrandom. Each observer wrote down his own estima- 
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tions of the extent of pitch change. Two of the 14 observers 
each made ten judgments on each of the 40 stimuli, and the 
other 12 each made two judgments on each of the 40. Thus, 
there was a total of 44 estimations on each pulse. Means of 
the various distributions of estimations were computed.! 
Representative SD’s also were obtained. The principal re- 
sults are summarized in Figs. 6 and 7. In both figures, 
perceived extent in tones is plotted against physical extent in 
tones. The diagonal line in each figure indicates where the 
experimental values would have fallen if there were a one-to- 
one correspondence between perceived and physical extents. 
Figure 6 gives information on the two kinds of linear pulses 
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The dots, which have been connected by straight lines, give 
the means of estimations of extent for pulses with the physical 
extents indicated along the abscissa. When the extent of 
modulation was greater than r.o tone, there tended to be 
almost a straight-line relationship between perceived and 
physicalextents. Inother words, for physical extents greater 
than 1.0 tone, increases in perceived extent tended to accom- 

1 The procedure was to assign each estimation of extent an appropriate numerical 


equivalent. The numerical values were used in computing means and SD’s. Then, 
the computed means and SD’s were converted into tonal extents. 
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pany equivalent increases in physical extent, although per- 
ceived extent lagged behind physical extent by something 
close to 0.75 tone. 

Inasmuch as the two curves in Fig. 6 practically coincide, - 
it may be concluded that, for the group of linear pulses in- 
vestigated, the direction of modulation did not have a sig- 
nificant bearing on perceived extent. A similar conclusion on 
direction of modulation holds for the sinusoidal pulses in- 
vestigated. In fact, no evidence was found in the entire 
investigation to indicate that direction of modulation has any 
significant influence on perceived extent. For this reason, in 
the preparation of Fig. 7, the results for the two kinds of linear 


DURATION =.10 SEC. 


———SNUSOIDAL 
------ LINEAR 


ю с» > 


А 


PERCEIVED EXTENT IN TONES 


PHYSICAL EXTENT IN TONES 
Fic. 7 


Pulses were combined, as were the results for the two kinds of 
Sinusoidal pulses. In Fig. 7, therefore, the curves portray 
the perceived extents of sinusoidal and linear pulses, regardless 
of direction of frequency modulation. As the curves indicate, 


34 DON LEWIS, MILTON COWAN, AND GRANT FAIRBANKS 


the perceived extent of pitch change in sinusoidal pulses was 
somewhat greater, on the whole, than was the perceived ex- 
tent of linear pulses. Perceived extent is thus shown to be 
related to the form of modulation. 

The curves in Figs. 6 and 7 are based upon the means of 
distributions of estimations. That the means could be re- 
garded as reasonably correct was shown by the fact that the 
SD's of all of the distributions were fairly small. An occa- 
sional SD was as large as 0.6 tone or as small as o.1 tone, but 
most of them fell between 0.3 and o.5 tone. The larger SD's 
were for distributions of estimations on the pulses with the 
larger physical extents of modulation. 

Because the stimulus pulses were presented phonograph- 
ically through a loud speaker in a reverberant room, the 
question arose as to whether or not reverberation was a factor 
in determining perceived extents. As a means o `a swering 
the question, one observer who had judged a gro’ of pulses 
when they were presented through the loud ѕреаї.. \ judged 
the same pulses when they were presented phonogiaphically 
through earphones. He made ten observations on each of 
ten pulses under each of the two conditions of listening. The 
means of his estimations of extent were not identical, of course, 
for the two conditions of listening, but they were sufficiently 
similar to warrant the conclusion that the effects of reverbera- . 
tion were probably negligible. 

Additional information on perceived extent is presented in 
Fig. 8. In this figure, perceived extent is plotted against 
duration. The data are for a series of sinusoidal pulses in 
which the frequency modulation was downward in direction. 
There are five curves in the graph, one for each of five different 
extents of modulation. The numerals adjacent to the curves 
indicate the respective extents in tones. Each dot represents 
a mean of the distribution of estimations of extent of pitch 
change for a pulse of the designated duration and extent of 
modulation. The various means were not based upon the 
same number of estimations of extent. Consequently, they 
are probably not equally dependable. However, the curves 
are believed to indicate the basic relationship. 
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The curves in Fig. 8 show that perceived extent varies as 
a function of both the extent and rate of modulation. With 
an increase in the duration of a pulse of given extent of modu- 
lation, there was an increase in perceived extent. This fact 
implies that perceived extent increases with a decrease in rate 
of modulation. Consider the curve for pulses having an ex- 
tent of modulation of 5.0 tones. There was an increase in 
perceived extent of pitch change from 3.3 to 4.4 tones as the 
duration was increased from 0.025 to 0.30 sec. (or, in terms of 
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DURATION IN SECONDS 
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rate of modulation, as rate decreased from 200 to 16.7 tones 
Per second). Similarly, there was an increase in perceived 
extent from about 2.4 to about 3.8 tones when the pulses of 
4:0 tones in physical extent were increased in duration from 
‘025 to .30 sec. (or when they were decreased in rate of modu- 
lation from 160 to 13.3 tones per second). Comparable in- 
formation can be had for other extents of modulation from an 
inspection of the other curves in the figure. 
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As already indicated, the results presented in Fig. 8 are 
for pulses in which the direction of modulation was downward. 
Information has also been obtained on a series of pulses in 
which the direction of modulation was upward. This in- 
formation shows that, in the case of upward modulation also, 
perceived extent of pitch change varies with both rate and 
extent of modulation. 

As a whole, the results of the investigation showed that the 
extent of pitch change arising from short pulses of sound in 
which frequency is modulated (a) increases with increases in the 
extent of modulation; (b) decreases with increases in the rate 
of modulation; (c) is somewhat greater for sinusoidal than for 
linear forms of modulation of the same extent and rate; and 
(2) is apparently independent of the direction of modulation. 
The theoretical implications of the findings will be presented, 
together with data on threshold values for the detection of 
direction of pitch change, ina subsequent paper by Lewis and 
Pepinsky. 

REFERENCES 


1. Cowan, M., Pitch and intensity characteristics of stage speech, Arch. Speech, 1936 
Supplement. z 

2. Farrpanks, G., Recent experimental investigations of vocal pitch in speech, J. 
acoust, Soc. Amer., 1940, 11, 457-466. 

3. Kurtz, E. B., AND Larsen, M. J., An electrostatic audio generator, Elec. Engineer., 
1935 (September). 

4. Peters, W. E., Die Auffassung der Sprechmelodie, Leipzig: Theosophischen Ver- 
lagshaus, 1924. 

5. Roor, A. R., Pitch-patterns and tonal movement in speech, Psychol. Monog., 1930, 
40, 109-159. 

6. Suower, Е, G., AND Вірроірн, R., Differential pitch sensitivity of the ear, /. acoust. 
Soc. Amer., 1931, 3, 275-287. t 


(Manuscript received January 12, 1940) 


| 
| 


THE INFLUENCE OF METHODOLOGY UPON THE 
MEASUREMENT OF REMINISCENCE * 


BY SUSAN GRAY 
George Peabody College for Teachers 


Á The purpose of the investigation reported upon in the 

present paper has been to evaluate a certain technique cus- 
tomarily used in the measurement of reminiscence and to 
determine the influence, if any, of this technique upon the 
type of results obtained. 

In studies of reminiscence which employ meaningful verbal 
material the usual procedure has been to require a reproduc- 
tion of material immediately after the period of learning and 
another reproduction after a stated interval. Any increase 
in retention from a first to a second reproduction of the 
material has been considered as reminiscence. From the time 
of Ballard's classic investigation (1) the possibility has been 
recognized that a written reproduction of material immedi- 
ately after learning might function as an extension of the 
learning period. If an immediate recall of material functions 
in such a manner, improvement in retention obtained with 
such a technique cannot be considered as reminiscence, espe- 
cially if reminiscence is defined conventionally as improve- 
Ment in recall after an interval of time in which there has 
been no overt practice or rehearsal of material. That the 
Majority of studies of reminiscence with meaningful verbal 
material have been invalidated by the employment of a tech- . 
nique of double recall has been suggested by Bunch (4) and — 
Deese (5). То the writer’s knowledge, however, the influence 
of the presence or absence of immediate recall upon subse- 
quent recall of meaningful verbal material in studies of remi- 
niscence has not been subjected to any adequately controlled 
experimentation. This analysis will set forth the results of 


* The writer wishes to acknowledge the valuable suggestions and criticisms of Dr. 


Paul L, Boynton in the preparation of this study. 
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an experiment which attempted to measure the influence of 
immediate recall upon delayed recall of material. 


Tue ExPERIMENT 


3 Subjects —The subjects used in the experiment consisted of 88 fifth and sixth grade 
children, with a median chronological age of 136.3 months, from a public and a private 
elementary school in Nashville, Tennessee. For each of the three types of verbal 
material employed in the main experiment the subjects were equated into two groups 
separately. The basis of division into approximately equal groups was chronological 
age and raw scores upon an immediate test of retention of the verbal material to be 
employed. An attempt was made to construct the materials used in matching the. 
groups in such a way as to make them as similar as possible to those used in the main 
experimental sessions and described in the following section of this analysis. 

Material;.—Since it is possible that the relative degree of retention may vary with 
the type of verbal material used, three types of material were employed, ranging from 
that permitting very little organization to that permitting a relatively high degree. 
Three forms of each type of material were prepared, all as similar as possible. The first 
form was used in the preliminary test and the other two in the main experimental 
sessions. 

"The first type of material consisted of three lists of 30 words each, chiefly mono- 
syllabic and probably familiar to most fifth and sixth grade children. Ten words il- 
lustrative of list B follow. 


tree rose cut bean bread 
rabbit eye cherry think walnut 


The second type of material was made up of short statements of fact so arranged 
that although there was a possibility of organization within each sentence, very little 
organization was possible from sentence to sentence. As an example of the material 
used, five statements from list B are reproduced as follows: 


The lawn mower was invented by a man named Hills. 
A cowbird puts its eggs in other birds’ nests, 
Frederick the Great was a German hero. 

There are very few large forests in China. 

Turner was a great English painter, 


The last type of material consisted of three short, discursive paragraphs, approxi- 
mately 200 words in length, one each upon the lives of Handel, Constable, and Charles 
Sturt, An attempt was made to construct each paragraph in such a manner that it 
would be made up of 21 facts concerning the personage under consideration. 

Method.—The procedure was that of a group experiment. The method of com- 
plete exposure was employed in the learning of the materials, each subject being given 
a mimeographed copy of the material to be learned. Five minutes was used for the 
learning period throughout. Ten minutes was allowed for the written reproduction of 
the words and sentences and twelve minutes for the reproduction of the paragraph. 
"These time allotments for reproduction of the materials proved ample in practically all 
cases, Verbatim reproduction was required with the words and substance reproduction 
for the sentences and paragraph. The reproduction of the sentences and paragraphs was 
scored upon an all or none basis, full credit being given for each factual item correctly 
reported as to substance and no credit for items incorrectly reproduced or fragmentary. 
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Coefficients of correlation between immediate recall of the materials employed in 
the main experimental sessions and a delayed recall one day later ranged from .79 to .93 
with probable errors from .o4to.or. These coefficients, based upon 44 cases, were con- 
sidered large enough to indicate a fairly high and consistent reliability of the method of 
measuring retention. 

Two different conditions of learning and testing were used. The first consisted in 
a written reproduction immediately after learning and a second reproduction twenty- 
four hours later. The second consisted in only one reproduction of material given 
twenty-four hours after learning. During the period allotted for immediate reproduc- 
tion those subjects who did not give an immediate recall occupied the time in columnar 
addition of two place numbers presented upon mimeographed sheets. 

The first two weeks of the main experiment were employed in the learning and 
testing of the lists of unrelated words. The first week one group gave both an imme- 
diate and a delayed recall of material; the other group gave only a delayed recall. The 
second week the conditions were reversed. An analogous procedure was followed 
during the next four weeks with the sentences and the paragraphs. In an attempt to 
obviate the possibility of the influence of unequal difficulty of material, the different 
forms of the material used were alternated within each group in such a manner that all 
forms of material were represented equally in each condition of learning and testing. 
It may be seen from the procedure outlined that, in general, the method of reversed 
groups was used; each child was subjected to both conditions of testing employed and 
gave delayed recalls of each of the three types of material under conditions both of an 
immediate and of no immediate recall. 


RESULTS 


The results of the experiment are derived in the main 
from the following comparisons: 


1. Comparison of median scores of immediate recall of 
material with median scores of delayed recall which was pre- 
ceded by immediate recall. 

2. Comparison of immediate recall with delayed recall 
not preceded by immediate recall. j 

3. Comparison of delayed recall preceded by immediate 
recall with that not preceded by immediate recall, 

Although in the actual handling of results comparisons 
Were made between the two groups when subjected to dif- 
ferent conditions of testing and between the scores of each 
group under one condition with its scores under another con- 
dition, only the comparisons between the scores of all cases 
taken together under one condition and the scores of all cases 

_ under another condition will be considered here. 

4. Comparison of Immediate Recall with Delayed Recall 

Preceded by Immediate-—It has been with a comparison of 
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this nature between a primary and a secondary recall of the 
same material that improvement in retention has been ob- 
served with meaningful verbal material and designated as 
reminiscence. Results of this experiment as indicated in 
Table 1 show no such improvement when the median of all 
cases is considered. With words and sentences a highly sig- 
nificant loss from a first to a second recall of material is shown. 
This is evidenced by critical ratios of 10.5 and 10.7. The 
loss, however, with the paragraph was so small as to be of 
very little significance. The results of this comparison, al-' 


TABLE 1 
Comparison or ĪMMEDIATE RECALL AND DELAYED RECALL PRECEDED BY IMMEDIATE 
A. Group Scores 


Recall 
Immediate Recall par еге preceded 
No. - - ee ee ЕО. 
Mdn Q PEmdn | Mdn Q PEmdn 
Words......... 88 13.50 4.72 «633 9.67 4.59 614 
Sentences.......| 84 5.43 1.68 .232 3.93 1.56 24 
Paragraph......| 88 12.38 3.27 436 12.14 2.94 +393 


* In this table and in the tables that follow the probable errors of the difference 
were computed by the formula 


fae See СКЕН АД 
PEaitt. = УРЕ шаш, + PE*mdn, — 2r12PEmdn,PEmdny’ 


though opposed to those of certain investigators employing a 
double recall technique, as for example, Ballard (1), McGeoch 
(то, 11) and Williams (14), are in agreement with other in- 
vestigations which have made use of a similar technique. 
Examples of such studies are those of Brown (2), Gillette (6), 
and Whitely and McGeoch (13). The conflicting data ob- 
tained with a method of double recall suggest the possibility 
that certain factors are at work which have not been subjected 
to control under the experimental procedures employed. 
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В. Comparison of Immediate Recall with Delayed Recall not 
Preceded by Immediate.—l1f an immediate recall of material 
acts as an extension of the learning period, then only in a 
comparison in which the consideration of two recalls of the’ 
same material is eliminated will the presence or absence of 
reminiscence be demonstrated. Such a comparison is the one 
given here between immediate recall of one form of material 
with delayed recall of another form. Not only was there no 
improvement in recall shown in the group scores, but as in- 
dicated in Table 2 the scores were significantly lower through- 


TABLE 2 


Comparison or ImmepraTe REcALL wire DELAYED RECALL Nor PRECEDED 
BY IMMEDIATE 


A. Group Scores 


Immediate Recall азоо 
No. 
Mdn Q PEmdn | Mdn Q PEmdn 
Words......... 88 13.50 4.72 -633 6.43 3-79 +507 
| 84 5.43 1.68 +232 2.17 98 136 


88 12.38 3.27 436 9:00 3.33 446 


В. Comparison of Differences in Medians 


Diff. C. R. 
7.07 11.09 
3.26 16.72 
Paragraph. 3.38 8.61 


Out upon the delayed recall. As calculated from median 
Scores, losses in retention were 52.5 percent for words, 60.0 
Percent for sentences, and 27.4 percent for the paragraph. 
As with the comparison of immediate recall and delayed recall. 
preceded by immediate, a marked tendency is manifested for 
the loss in retention to be smaller with material permitting 
considerable organization than with that permitting little 
Organization, 

‚ С. Comparison of Delayed Recall Preceded by Immediate 
with that not Preceded by Immediate Recall.—Probably the most 
Significant results of the experiment in so far as throwing light 
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upon the influence of immediate recall upon the measurement 
of reminiscence are those given in Table 3. Here it may be 
seen that with all three. types of material there was a signifi- 
cantly lower median score upon delayed recall not preceded 
by immediate than upon delayed recall which was preceded 
by immediate. The only variable in procedure here was that 
under the one condition a written reproduction was given 
immediately after learning and under the other condition 
simple computation was substituted for this immediate writ- 
ten reproduction. The results point clearly to the functioning 


TABLE 3 


Comparison or DELAYED RECALL PRECEDED BY IMMEDIATE AND DELAYED RECALL 
Nor Precepep Bv Immeprate RECALL 


A. Group Scores 


Delayed Recall Preceded Delayed Recall Not Preceded 
by Immediate by Immediate 


No. 
Mdn. о | PEmdn | Мап. Q PEmdn 
Words.) .. 2.02. 88 9.67 | 4.59 614 6.43 3-79 +507 
Sentences.......| 84 3.93 1.5 214 2.17 98 136 
Paragraph...... 88 12.14 2.94 -393 9.00 4.33 446 


В. Comparison of Differences. in Medians 


Э Diff. PEaig, C.R. 
Words te ee k 6 i 
Sentences. b T Y 
Paragraph 3.14 «350 8.96 


of that immediate recall as an extension of the learning period, 
or, as Warner Brown (3) considers it, as a fixing of the items 
upon the first test by a written reproduction. 


Discussion 

Within limitations of the experimental technique and its 
errors, the data of this experiment offer some basis for an 
answer to the major question proposed in this investigation. 
This question has been: Is the double recall technique, as 
customarily used in measuring reminiscence, a determiner of 
such improvement in recall as may be observed? 

The findings in the case of all three types of material 
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indicate that an immediate recall of material does exert a 
measurable influence upon a second recall of material. These 
findings, if valid, indicate the questionable nature of studies 
of reminiscence which have employed a method of double 
recall. It is not meant by the preceding statement that all 
rises in retention obtained with a double recall technique may 
be explained solely on the basis of the functioning of an im- 
mediate recall as an extension of the learning period. Rather 
it is meant that if an immediate recall is demonstrated to 
function as an additional practice of material, a rise in reten- 
tion under such a technique may not be considered as remi- 
niscence when reminiscence is defined as improvement after 
an interval during which there has been no practice or learning 
of material. A valid technique for the measurement of remi- 
niscence with meaningful verbal material by the complete 
exposure method would employ some way of obviating the 
necessity of an immediate test upon the material as a measure 
of the degree of learning. At least two possible methods may 
be employed. One method is that of using two carefully 
equated groups, one of which would give an immediate recall 
of material and one of which would give a recall after a stated 
interval of time. Another plan would be to use in double 
fatigue order four sets of strictly comparable material with 
the same subjects in such a manner that scores upon an im- 
mediate recall of two sets of material might be compared with 
Scores upon delayed tests of the comparable material. A 
somewhat similar method of employing four sets of comparable 

, material with a group in such a way as to provide for practice 
equilibration has been employed by Deese (5). With such a 
technique she found no evidence of reminiscence in the total 
Scores of the group tested. 

à Up to the present time positive evidence of reminiscence 
with meaningful verbal material has been open to criticism 
because of the use of the double recall technique. It is the 
Opinion of the writer that the questionable procedures em- 
Ployed and the conflicting results obtained do not permit one 
to identify improvements in recall obtained by such methods 
With true reminiscence. Improvement in recall of verbal 
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material with experimental techniques which controlled re- 
hearsal of material, including an immediate recall, has been 
obtained by Hovland (8, 9, 10) and Ward (12) with series of 
nonsense syllables presented by the anticipation method. 
The rise in retention obtained by Hovland and Ward may be 
correctly designated as reminiscence in that it is in accordance 
with the customary definition of the phenomenon. In view 
of the differences in experimental procedures followed, a pos- 
sibility arises that improvements in retention obtained with 
a method of complete exposure and double recall and that 
improvement obtained by Hovland and Ward are phenomena 

` dependent upon causes entirely different. The results of the 
present investigation would suggest that the rise in retention 
obtained in the past with the complete exposure method is 
not attributable to the presence of true reminiscence but 
rather is an artifact of the experimental setup. 


(Manuscript received January 12, 1940) 
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AN EXPERIMENTAL INVESTIGATION OF NEGA- 
TIVE AFTER-IMAGES OF HALLUCINATED 
COLORS IN HYPNOSIS * 


BY FRANCIS W. HIBLER 
Illinois State Normal University 


The reality of the hallucinatory experience in hypnosis 
has been questioned frequently. The approach of Binet and 
Féré (т) consisted of suggesting a hallucinated color on a 
white card and asking the hypnotized subject to fixate a dot 
onit. After a strong suggestion as to the presence of one of 
the primary colors the original card was removed leaving the 
eyes of the subject fixated on a second white card relative to 
which no suggestion was made. The subject was then asked 
to report the color seen on the second card. Erickson and 
Erickson (2) adopted the method of presenting 16 plain sheets 
of white typing paper. ‘It was suggested to the hypotnized 
subjects that each sheet was one solid bright color. "These 
Sheets were then presented one at a time, the experimenter 
naming the color of the first sheet while the subject named the 
color of the second sheet, continuing in this alternate fashion. 
For purposes of control word association tests were used, both 
before and after the experimental series, to determine any 
associations the subjects might have made with the four pri- 
mary colors used in the investigation. Both of these studies 
report the presence of negative after-images as the result of 
the suggestion of hallucinated colors in hypnosis. 


EXPERIMENTAL PROCEDURE 


М І. Preliminary Control Series—The Ishihari test of color discrimination was ad- 
ministered to each subject. Only those individuals who showed normal color vision 
On the test were used as subjects. Four male subjects were used in the experiment, 
each of whom met the color vision criterion, and was in addition, a deep trance subject 


. "This investigation was part of a research which was conducted under the direc- 
Чоп of Dr. F. C. Dockeray and Dr. Н. Н. Goddard in partial fulfillment of the require- 
vents for the degree of Doctor of Philosophy in the Graduate School of The Ohio State 
University, 97 $ 
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showing anesthesia, positive and negative hallucinations, post-hypnotic suggestion and 
amnesia. All subjects were college students who were without knowledge as to the 
nature and object of the experiment. 

After the Ishihari test had been administered, the extent of the subject's knowledge 
of negative after-images was checked. "The following problem was read to him— 

Suppose that you should stare steadily at a small blue disc, mounted on a white 

card, for thirty seconds. Now, suppose that I should suddenly remove the blue 

disc, leaving only the white card; if you should continue to stare at the white card 
without moving your eyes, would you see anything? What? What color? 

The procedure was then repeated, substituting instructions for a red, yellow and a 
green disc. The experimenter sat out of the field of vision of the subject while the 
questions were being answered and attempted to give no cue as to their correctness. 
Frequently, however, the subject was further questioned as to where he obtained his 
information. 

П. Trance Hallucination of Colors on Grey Cards.—The subject was hypnotized 
and permitted to remain in the trance for three minutes! He was then instructed to 
place his eyes at the eye-piece of the exposure apparatus. The Dockeray tachistoscope 
was used for this purpose. It permitted the control of intensity of the illumination, 
peripheral visual field, distance from the subject’s eye to the stimulus card, the point 
of fixation, and the duration of the exposure, as well as providing a convenient method 
of removing the card with the hallucinated color and leaving the eyes of the subject 
fixated on a second grey card іп the same position. The stimulus color in this series was 
always hallucinated. Two identical grey cards were placed in the slot at the back of the 
tachistoscope, one in front of the other. The one exposed to the view of the subject 
was designated as the stimulus card when the color disc was hallucinated оп it. The 
back one was the screen used for fixation in the production of the after-images. The 
subject would fixate on the stimulus card for forty-five seconds, after which the experi- 
menter would remove it with a swift motion, exposing the second grey card in the identi- 
cal position formerly occupied by the stimulus card. This permitted the gaze of the 
subject to shift from the stimulus card to the second card without moving the eyes, as 


the fixation points on the two cards were in the same relative position. This technique . 


was found to be efficient in the production of negative after-images with naive subjects. 
After the subject was seated, looking into the tachistoscope, the following sugges- 
tion was read to him— 
“On that card there is a bright blue disc, 34 of an inch in diameter. You see it 
clearly, don’t you? All right, now stare steadily at the center of the disc for 45 
seconds. (The experimenter repeating instructions of steady fixation.) Now I 
am going to remove the disc leaving only a grey card. Continue to stare at the 
dot on it (fixation point) and do not move your eyes, (Experimenter removes 
stimulus card.) Do you see anything? What? What color?” 
‘The subject was then permitted to rest for three minutes, after which he was again 
instructed to gaze into the tachistoscope. The blue disc was hallucinated as before, 


but the following directions were added while the subject was fixating the hallucinated 
disc. 


1 Approximately five minutes were spent in the induction of each trance in this 
investigation. Only adequately trained subjects were used, and at all times each sub- 
ject met all the usually accepted criteria of the deep trance. It js interesting to note 
that Erickson (3) has suggested that a “slow induction extending over 15 to 30 minutes 
is desirable.” The exact importance of this time element is certainly worthy of further 
research. 
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“Now I am going to wake you to the count of three? When I say three you will 
be wide awake, feeling fine in every way. While you are awakening your eyes 
will remain glued on the dot on the card in front of you, and you will not remember 
anything that happened while you were asleep. Ready, one-two-three. What 
do you see?” (Experimenter removed card with hallucinated color between count 
of one and two.) 

After giving his report the subject was permitted to rest for five minutes. He was 
then re-hypnotized and the same procedure was repeated three more times, substituting 
a hallucinated red, yellow, and green disc for the blue one. After each waking report 
the extent of the amnesia for the trance event was checked by intensively questioning 
the subject concerning what happened while he was hypnotized. This concluded the 
first experimental period. 

IIL. Trance Hallucinations Involving Color Changes—The procedure in this series 
was identical with that in the foregoing series, with the exception of the nature of the 
hallucination. The reports were obtained in the same fashion, both in the trance and 
the waking states. 

The nature of the stimulus differed in this respect, that in the former series a color 
was suggested as being on a blank light grey card, while in this series an actual color 
disc was always presented, but in each case it was hallucinated as some other color. For 
example, the first presentation involved the hallucination of a blue disc as a red disc. 
The method of suggesting the hallucination was as follows. Two tachistoscope cards, 
one with a red disc, 34 inch in diameter mounted upon it, and the other with a blue disc 
of the same size were placed adjacently on the table before the hypnotized subject. 
"The experimenter then said: 

“You see this disc, what color is it? (Pointing to the red disc.) "That's right. 

Now this disc (Blue) is exactly the same as this one (Red). It is the same in 

every way, the same hue, brightness, and saturation. It is the same color. Now 

take this card in your hand and describe this disc to me. (Subject takes blue disc 
and describes it as red, giving size and shade as a rule) That’s right, now remem- 
ber, this (Blue) is the same as this (Red) until I tell you differently." 

The subject was then instructed to look into the eyepiece of the tachistoscope and 
the blue disc was presented. The subject was asked to describe what he saw, and on 
describing the blue disc as red, was given the same instructions as in the former series. 
After the final waking report, the subject was re-hypnotized and the suggestion was 
removed, after which he was checked for normal color vision, Ten minutes rest was 
given between the presentation of one color and the next. 

.. The procedure of this series was repeated four times, once with each of four sugges- 
tions of color changes. These hallucinations were, (1) blue as red; (2) green as yellow; 
(3) red as blue; (4) yellow as green. Only the four primary colors were used, and in 
no case was a color hallucinated as its complementary. This was to guard against a 
Possible positive after-image of the real color being reported as the negative after- 
image of the hallucinated color. For example, if green was hallucinated as red, a re- 
ported after-image of green might be either the positive after-image of the genuine green, 
er it could be the negative after-image of the hallucinated red. At no time, however, 
did a Positive after-image appear to complicate the results. It required an entire ex- 
perimental period to complete this series. 


*A preliminary training series was used to make sure all subjects would awaken at 
the count of three. 
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IV. Final Control Series (Trance and waking state).—The third experimental period 

for each subject was used in completing the final control series. The first step was a 
further check of the subject’s knowledge as to complementary colors. This was ac- 
complished by asking the same questions as in the preliminary control, “What would 
you see if you gazed steadily at a blue (red, yellow, green) disc, and it was suddenly re- 
"moved, leaving you looking at a white card?” This provided an additional check on 
the extent of the post-hypnotic amnesia, inasmuch as the only way the subject's original 
idea of after-images could have been changed, was by remembering the trance color 
and either the trance or waking report of the after-image produced by it. 

As still an additional check on whether or not the subject had been able to re- 
member the trance presentation of the real colors, and derive any principles as to the 
laws of complementary colors, the entire procedure described under *trance hallucina- 
tion of'colors on grey cards’ was repeated. It is reasonable to assume that if the sub- 
ject did not know the color stimulus that produced the images experienced in the waking 
state, he would have no reason to react differently on the second presentation of the 
series than on the first. If, however, the hallucinations involving changes in real colors 
had increased his sophistication with respect to after-images, this would possibly be 
disclosed in his reactions to the series when it was presented the second time. In any 
event, any change in responses between the two presentations of the same series would 
be significant to the point of requiring further scrutiny of the technique used. 

The final step of the control series was the presentation of the actual color discs 
in the trance state without suggestion, and in the waking state. Each of the four 
colors used in the investigation—red, green, blue and yellow—were presented in each 
state, and the report of the after-image experienced from each was noted. This was 
deemed necessary in order to validate the apparatus used, but was placed last in the 
experiment so as not to influence the reports with respect to the hallucinations. 


RESULTS oF THE EXPERIMENT 


The results of the experiment are summarized in Tables I 
and II. In addition to the tabular results of the experiment, 
the protocols taken on the subjects with respect to the ex- 
perienced hallucinations are significant in some instances. 

Subject A.—This subject stated that after-images would 
appear the same as the color presented. To each color hal- 
lucinated on a blank grey card, he reported as an after-image 
in the trance just what the experimenter suggested as the 
hallucinated color. For him, trance after-images were rela- 
tively permanent and identical in every way with the halluci- 
nated stimulus color. The waking report, however, was 
characteristically—' Just a white square with a pin hole in 
the center of it.” 

In the trance hallucinations involving color changes he 
again gave his report of the trance after-image as identical 
with the hallucinated color. His waking reports of the after- 
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TABLE I 
ConTROL SERIES 
Subject's Expectation of After-Image 
Subject Color Stimulus |-——_—___—S aaaaaaaaaaaaaaaaamħI 
Preliminary Series Final Re-check Series 
A pus Due 
B range nge 
с Brue Yellow Yellow 
D Yellow Yellow 
& d з 
тееп тееп 
С Rep Green 
р Green 
A Yellow 
б YELLow ume 
D Blue 
A Green 
В GREEN Ra 
D Red 
Finat CowTROL SERIES 
Presentation of Hallucinated Presentation of Actual 
Color Color Stimulus Color Stimulus 
Sub. Stimulus 
ject | (Hallucinated 
Peaca) Trance Waking Trance Waking, 
After-image After-image After-image After-image 
a Blue None Xellow Pale Yellow 
Orange None range range 
c Eu Yellow None Yellow Yellow 
b Yellow None Yellow Yellow 
A Red None Green Green 
B Rep Green None Light Green | Light Green 
c Green None P Green | Light Green 
D Green None Pale Green | Green 
A Yellow None зри n 
Ригрі N le le 
ON | 90у Buca Nene Blue Blush Purple 
D Blue None Blue Blue 
A Green None Pink Pink + 
deem Red None Red Light Red + 
D Red None Pink Pink 
Red None Pink Pink 
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TABLE II 


EXPERIMENTAL RESULTS 


Trance Hallucination of Colors on Trance Hallucination Involving 
Blank Cards Color Changes 
Pa 
ject | Color Hallu- | After-image | After-im: After-image | After-image 
А bt iggested ed i R di 
Fae | Reported in | Reported mi Hallucination | Reported in | Deported in, 
A Blue None Blue Green 
B B Orange None Rep as Green Green 
G bars Yellow None Вие Yellow Green 
D Yellow None Green Green 
A Red None Red Orange 
B Rel Green None Buve As Orange Orange 
© Green None · Rep Green Yellow 
D Green | None Yellow Yellow 
2 Mellow ALES A Yellow Pink 
rple lone REEN AS Red Red 
(9; YELLOW Blue-grey None YELLOW Blue Pink 
D Blue None Pink Pink 
A Green None Green Purple 
B С К Red. None YELLow Blue Blue 
"C. Red None AS Green| Red Purple 
D Dark red None Blue Blue 


images, however, were quite different. For example,- his 
waking report of the hallucination of blue as red was—‘I saw 
an orange color in there; it was sort of hazy but was in the 
general shape of a disc His general behavior indicated that 
he was perplexed at what he saw, and on one occasion he 
asked, ‘What makes that color disappear that way?’ At the 
end of the experiment he stated that at no time did he realize 
that the colors he saw were after-images. 

In the final control series when the actual colors were 
presented without suggestion, all of his responses were defi- 
nite. “For example, his trance report of the after-image of 
the blue disc was, ‘I see a yellow disc,’ while his waking report 
was, ‘Now I see a bright yellow disc.’ An analysis of the 

‚ Tesponses in this control series does not reveal any consistent 
or significant differences between trance and waking report of 
after-images. 

Subject B.— This subject understood the laws of negative 
after-images. Hence his report of the after-image of a blue’ 


‘ 


NEGATIVE AFTER-IMAGES OF HALLUCINATED COLORS 51 


disc hallucinated on a plain grey card is significant when com- . 
pared to that of Subject A. Subject B reported it as follows: 
"It's a faint orange; it's moving a little; it's almost a yellow; 
now it’s gone." A's report was highly artificial while the 
report of B was an excellent description of a negative after- 
image. Each of his descriptions of after-images to halluci- 
nated colors was most realistic. In the waking report of the 
after-image to the trance hallucination, however, the charac- 
teristic response was, *Just a white card with a pin point on 
it? On one occasion he remarked, “Nothing but the white 
card with the dot. Are you fooling me today or something?" 

In the hallucinations involving color changes this subject 
always reported the after-image of the real, instead of the 
hallucinated, color. This held true for both the trance and 
waking reports, despite the fact that the hallucination ap- 
peared to be entirely functional in the trance. Consequently 
there is no significant difference between trance and waking 
reports.? 

Subject C.—Subject C also knew the laws of complemen- 
tary colors, but he stated in the preliminary control series 
that he was not at all sure whether one would see positive or 
negative after-images in the set-up described. Considering 
this set, his trance report of the after-image to blue halluci- 
nated on a plain card is significant, “А hazy blue disc changing 
to yellow; getting more yellowish and slightly reddish around 
the outside. Now it’s yellow and beginning to fade.” It 
will be noticed that this subject brought both the positive and 
negative after-image into his report. He did this in each 
instance of a hallucination of a color on a plain grey card, but 
in no case where there was an actual color presented. Under 
the latter circumstances his report was always clear-cut, even 
when he was describing the trance after-image of hallucina- 
tions involving color changes. For example, with blue hallu- 
Cinated as red, his trance report was, “А bright green hazy 

* In explaining this experiment to the subject after it was completed, he remarked 
that he did not think the color discs he saw on awakening were after-images because 
they did not appear to move. This suggests the possibility that post-hypnotic sug- 


Bestion may be а valuable technique in the prevention of eye movements as it appeared _ 
effective in this instance. 
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. disc; shape is changing, getting irregular and larger.” His 
waking after-image of the same trance stimulus was, ‘Yellow 
after-image; rather irregular, round, about an inch in diam- 
eter, This was the only subject to recognize the color seen 
in the tachistoscope as an after-image before the final control 
series. He did not, however, succeed in determining how the 
stimulus was presented, and stated that he was not sure that 
he saw an after-image at all, but merely believed he did be- 
cause it disappeared. In the waking control series there were 
no marked differences between trance and waking reports. 
As shown in Table II, this subject always reported the 
proper negative after-image for each hallucinated color, when 
reporting in the trance state, and each of his reports was vivid 
and detailed. In the waking report of the trance hallucina- 
tions he always reported the correct after-image of the actual 
color and with language of equal realism. 

Subject D.—This subject also was sophisticated with re- 
spect to complementary colors. His reports rivaled Subject 
C's for realism and apparent accuracy. For example, his 
trance report of the after-image of a red disc hallucinated on 
a blank grey card was as follows: “I see a pale green disc; it's 
right in the center; it's blurred at the edges; now it's moving." 
The waking report of the same trance stimulus was, *Just a 
card with a little hole in it again? In general the reports of 
this subject were also characterized by a marked realism. 


Summary or RESULTS 


1. Trance after-images were reported for each case of trance 
hallucination of colors on plain grey cards. 

2. In each instance the after-image so reported was iden- 
tical with the preconceived ideas of the subject with respect 
to after-images. 

3. When the report of a similarly presented hallucination 
was made in the waking state, no after-image of any sort was 
ever reported. 

4. After-images of trance hallucinations involving color 
changes were always reported in both the trance and waking 
states. 
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5. The after-images in the trance reports varied—subjects 
A and C always reporting the complement of the hallucinated 
color, while subjects B and D always reported the complement 
of the actual color. 

6. The after-images in the waking reports were always the 
complement of the actual color for all subjects. 

7. No subject changed his preconceived ideas with respect 
to after-images during the course of the experiment. 

8. A repetition of the series involving the hallucination of 
colors hallucinated on plain cards resulted in reports identical 
with those obtained from the first presentation. 

9. All subjects reported entirely normal after-images in 
both the waking and trance states when actual colors were 
presented in the tachistoscope without any suggestion of 
hallucination. 


Discussion 


The fact that trance after-images were reported in each 
case of hypnotic hallucination of a color on a blank grey card, 
coincides with the findings of previous investigators. In one 
respect, however, our findings do not agree. In every case 
others (z, 2) reported that their subjects experienced negative 
after-images. In our results three subjects reported negative 
after-images, while one reported an image identical to the 
Suggested hallucination. 

The possibility arises that the latter, subject A, experienced 
a positive after-ima ge. This conclusion, however, seems most 
improbable in the light of the total data obtained from this 
subject. In the first place, his description of the after-image 
Was not accurate with respect to the nature of positive after- 
images in general—they were too clear, too permanent, and 
too stationary. For example, his after-image of an halluci- 
nated blue disc was reported as follows: “I see a blue disc 
the same size, and the same color, and in the same place as 
the other one.” No after-image in the final control series, 
where the actual color was presented without suggestion of 
hallucination, was so reported. Even more significant than 
the nature of his descriptions, were his reports of the after- 
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images in the final control series. In each case he reported a 
negative after-image of the actual color presented; never the 
positive. Hence we reject, as the explanation of Subject A’s 
trance report of after-images of trance hallucinated colors, 
the possibility that he experienced a positive after-image. 

The question of the reality of the negative after-images 
experienced by subjects B,C, and D, is important. Their 
descriptions of the after-images reported are entirely con- 
sistent with our knowledge of the nature of negative after- 
images; they were vague, blurred towards the edges; they 
moved about; they faded. If the experiment ended with their 
reports, the investigator must be convinced of the reality of 
the reported phenomenon. Previous investigators (т) con- 
sidered their experiment complete at this point and drew their 
conclusion that the hallucinated object was perceived as if it 
were a real object. The writer can well understand their 
conclusions in the light of his data, if the controls were elimi- 
nated. However, when a careful control series is used, the 
reality of these negative after-images must be considered 

. further. 

The fact that no after-image of any sort was reported when 
the hallucinated color was presented in the trance and the 
report as to the after-image was made in the waking state, 
should be interpreted. One possible explanation is that the 
set of waking is enough to destroy the trance after-image. 
This hypothesis must be discarded, however, in the face of 
the evidence presented by the later control series where the 
after-image of an actual color was always correctly reported 
in the waking state when the same technique of trance pre- 
sentation, and waking report, was employed. This leaves as 
the only possible interpretation that if an after-image of any 
Sort is experienced in the trance state as the result of an hallu- 
cinated color, it must be very different from that experienced 
from the presentation of an actual color stimulus. It is dif- 
ferent in that—first, it varies with the knowledge of the subject 
as to the laws of complementary colors; second, it does not 
persist over into the waking state. In addition, we must 
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consider the additional data obtained by the use of halluci- 
nations involving color changes. | 
It will be noted in Table II that two subjects reported 
that the trance after-image was the complement of the hal- 
lucinated color, while the other two subjects reported the 
after-image in trance was the complement of the actual color, 
Identical suggestions and color stimuli were given to all sub- 
jects, yet the after-images varied, according to reports of the 
different subjects. That this variation was not due to the 
experimental set-up itself, is indicated by the results of the 
final control series, where the same color discs were presented 
in trance and waking, but without suggestion of hallucination, 
and the same after-images were consistently reported by all 
subjects. In the hallucinations involving color changes a 
more complex situation is presented to the subject (in contrast 
to hallucinating a color on a blank card) only if the halluci- 
hation is not actually seen as real. In other words, if the 
subject actually experiences red, it should make no difference 
if that red is super-imposed over blue, or is on a grey card. 
If, however, the hallucinated red is not actually experienced 
as red, then a blue background could conceivably be more 
confusing than one of plain grey. The data show that when 
the hallucination was presented on a plain grey background, 
each subject consistently reported the trance after-image to 
be identical with his preconceived idea of after-images; but 
when the hallucination was presented over another color, the 
trance reports of after-images varied—half of the subjects 
_ Seeing the complement of the hallucinated color, while the 
other half entirely ignored the hallucinated color to report the 
Complement of the actual color. In the simple hallucination 
on a plain background; all subjects were consistent in their 
Teports; in the more complex hallucination of one color over 
- the other, there was a confusion of reports, all of which in- 
dicates that the experience of hallucinated ‘red’ was not con- 
Sistent in the two types of hallucinations. We interpret this 
as one indication that the experienced hallucination is not 
- always, if €ver, seen as real. 
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Another question rising out of the trance hallucinations 
involving color changes is: “If the subject actually sees a blue 
as a red, why should he ever get the after-image of blue, even 
in the waking state?" This question does not seem possible 
to answer, when one considers the nature of after-images, and 
yet all subjects always report the complement of blue under 
the above conditions. One is thus forced to the conclusion 
that the important color with reference to after-images is the 
actual, not the hallucinated color. 

In summary, the study of negative after-images has added 
the following pertinent facts to our general knowledge of pos- 
itive visual hallucinations: 

1. A pre-trance knowledge of complementary colors does 
influence the report of the after-image of trance hallucinated 
colors. 

2. In trance, with knowledge of the hallucinated color 
stimulus, a definite after-image is always reported; in the 
waking state, without knowledge of the hallucinated color 
stimulus, no after-image is ever reported. 

3. If one color is trance hallucinated as another, the after- 
image reported in the trance may be the complement of either 
the hallucinated or the actual color; the after-image reported 
in the waking state is always the complement of the actual 
color. 

4. Within the limits of the experiment, there is no evidence 
that hallucinations produce any central or sensory change in 
the organism that cannot be explained in terms of mere verbal 
agreement, and coóperation, with the experimenter. 

Our experimental findings lead us to submit the following ` 
theoretical position: since hallucinated colors definitely do not 
have the properties of actual colors, and since no evidence 
of the existence of the hallucination was discovered except 
a mere verbal agreement with the hypnotizer, hypnotic hal- 
lucinations are probably verbal in nature rather than sensory 
or a function of the central nervous system. This is the most 
parsimonious theoretical position regarding the nature of posi- 
tive visual hallucinations. 
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Further investigations on this problem are now in the 
process of preparation. 


(Manuscript received January 3, 1940) 
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THE EFFECT OF STIMULATION BY: ODOROUS SUB- 
STANCES UPON THE AMOUNT OF SECRETION 
OF THE PAROTID GLANDS * 


BY CHARLES A. ELSBERG, M.D., Н. SPOTNITZ, M.D., 
AND E. I. STRONGIN, Pz.D. 


In the investigations here reported, the effects of the 
stream injection of odors upon the secretory activity of the 
parotid glands were studied. 


"The technique used for the stimulation with odors was that described in a paper 
recently published (т). The apparatus and technique used for the collection and meas- 
urement of the parotid secretion were essentially those of Winsor and his associates (2), 
and of Strongin and his co-workers (3). 

It is sufficient to indicate that a small disk similar to the one developed by Lashley 
is fastened by suction over the opening of each Stenson’s duct. From the inner 
chamber of each disk, a small air-tight tube passes through the corner of the mouth 
and carries the parotid secretion to a calibrated glass tube marked off in hundredths of a 
cubic centimeter. We have sometimes used calibrated tubes marked off in thousandths 
of a cubic centimeter. Я 

‘The subject was seated оп an easy chair and instructed to assume а comfortable 
position. In order to avoid distracting influences, the tests were made in a partly 
sound-proof room in which there were only the examiner and his subject. 

After the disks had been applied to the openings of Stenson’s ducts and the conduct- 
ing tubes had been connected to the calibrated glass tubes, a period of ten minutes was 
allowed to elapse before the stream injection with the odorous substance was begun. 
During this ten-minute period, the amount of secretion from each parotid gland was 
recorded every thirty seconds. The object of this preliminary period was to allow the 
individual to become adapted to the presence of the disks and to exclude, as far as 
possible, any effect upon the secretory activity of the parotid glands due to the applica- 
tion of the disks, 

‘The individual then received a stream injection of odor (4) into one or into both 
nasal passages for a period of five minutes. During this time, the amount of secretion 
from each parotid gland was recorded at thirty-second intervals. After the stimulation 
was concluded, the amount of secretion during the next five minutes was also recorded. 

The figures given in Table I, Column 2, are the average amounts secreted each 

_ minute by the two parotid glands in 50 normal individuals without stimulation, and in 
Column 3, the total amount; of the secretion from the two parotid glands without 
stimulation. 


* From the Clinical Research Laboratories of the Neurological Institute of New 
York. у 


Work done under a grant for brain tumor research from the John and Mary К. 
Markle Foundation, 
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In Tables II and III are given the amounts of parotid secretion from each gland 
and from the two glands together during a stream injection of air (Table П) and of the 
odor of coffee (Table IIT). J 

In Table IV, Column 3, are given the total amounts of secretion from the left 
parotid gland during the stream injection of odor into the left nasal passage. 

The figures in Tables V, VI and VII (in Column 2 in each table) are the total 
amounts secreted by the parotid glands of the two sides during the bilateral stream 
injection of odor. 


In the normal individual, the rate of secretion ‘of the 
parotid glands is a regular one, as shown by Winsor, Strongin 
and Korchin. We have used their records of the amounts 
of parotid secretion of fifty normals recorded every minute 
for the calculation of the average secretory rate. 

Table I shows that for the first three to four minutes, the 
rate of secretion was disturbed by some factor (possibly the 
gradual adaptation to the presence of the disks). "Thereafter, 
the rate of parotid secretion remained fairly constant (Table 
I, Column 4). 

TABLE I 


AVERAGE SECRETION OF THE Two Parotip Сілмрѕ (50 IupiviDUALS) 


Average per Individual 
— а СЕ ООА HUE p aly Ae 
Sou Total Amount Total Amount 
Glands Each Minute Saeed 
= = Time 
100 
Ist minute 5.18 5.18 
2nd minute 4.80 
3rd minute. . 474. 
4th minute, . 451 
5th minute. . 4-30 
th minute. . 433 > 
7th minute, . 4.51 
th minute. . 4.28 
9th minute. . 4.30 
Toth minute, . 431 
IIth minute. . 438 
I2th minute. . 433 
13th minute. . 431 
14th minute. . 431 
T5th minute, . 4-21 


Ме * During the last five-minute period of these tests, the average total amount per 
individual, secreted by the two parotid glands was 20 hundredths of а cc. ) 

! We are indebted to Drs. Winsor and Korchin for a large number of records of tests 
9n normal individuals. T 
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The effect of a stream injection of air at a moderate pres- 
sure and rate (1000 cc. to 4000 cc. per minute) does not 
distinctly increase the amount of secretion of the parotid 
glands (see Table IT). 

TABLE II 


С.А.Е. STREAM INJECTION OF Arr AT THE RATE OF 2000 cc. PER MINUTE INTO RIGHT 
Nasa PASSAGE FOR 5 MINUTES 


Total Secretion from Parotid Glands 
Duration of Stream Total Secretion from 
Injection of Air into Both Parotid Glands 
Right Nasal Passage 
ec. 
(seconds) ( тоо ) 
30 о о о 
бо 2 4 6 
90 3 9 12. 
120 5 10 15 
150 6 12 18 
1 7 13 20 
210 7 14 21 
240 8 15 23 
270 9 16 25 
300 10 16 26* 


* Total amount secreted by the two parotid glands in five minutes, 26 hundredths of 
acc. During the preceding five-minute period (without stream injection of air) the 
total amount secreted was 28 hundredths of a cc. (13 on right, 15 on left). 


The effect of a stream injection of air and odor varies from 
individual to individual, and with the odor used for the tests. 
We have made series of tests with many odors and have in- 
jected the stream of air and odor at different stream rates and 
pressures. Apparently, odors which have little if any effect 
upon the trigeminal nerve (5) such as coffee or phenyl ethyl 
alcohol for example, have an uncertain effect. Frequently 
they do not increase the amount of secretion of the parotid 
glands, or, if there is any effect, it is slight and inconsistent 
(see Table III). 

On the other hand, odorous substances which have a dis- 
tinct trigeminal effect, such as citral, menthol and turpentine, 
cause a marked increase of parotid secretion (Tables IV, V, 
VI and VII). When odors which also effect the trigeminus 
are used for the tests, the effect of a stream injection of air and 
odor into one nasal passage, 1з a marked increase of parotid 
secretion from the ipsilateral parotid gland. The effect of & 
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TABLE Ш 


G.V. Stream Injection or Ата SATURATED WITH THE Opor oF COFFEE AT THE ВАТЕ © 
OF 2000 СС. PER MINUTE INTO THE LEFT NASAL PASSAGE FOR 5 Minutes 


5 Total Secretion from Parotid Glands 
Duration of Stream Е 
Injection of Coffee into |а| HEU erica from 
Left Nasal Passage Right | E lands 
(seconds) ( ee. ) | ( ы ) 
100 100 
30 3 I 
60 4 2 é 
90 4 2 6 
120 5 2 7 
150 6 4 то 
180 7 5 I2 
210 8 6 I 
240 9 7 1 
270 10 7 17 
300 12 8 '20* 


* Total amount secreted by the two parotid glands in five minutes, 20 hundredths of 
асс. During the five-minute period preceding the stream injection, the total amount 
secreted was 9 hundredths of a cc. 


bilateral stream injection is a marked increase of secretion of 
both parotid glands. 
Protocols of four series of tests are given in Tables IV 
to VII. 
TABLE IV 


С.У. STREAM Injection оғ AIR SATURATED WITH THE Орок Ok CITRAL AT THE RATE 
OF 1000 cc, РЕК MINUTE INTO THE Lerr Nasa PASSAGE 


Total Secretion of Parotid 
Glands 


Duration of 
Stream Injec- Amount of Amount of 
tel o 7 | Stimulation | “Secretion | egeton, 
Nasal Passage | ight tet Time | stimulation | Basis of, 
(seconds) ( ec. ) Time? C = 0.39! 
100 H 
| 
30 o 3 9.655 0.311 3.8 
с о 5 15:33 0326 |. бт 
bs o 8 20.08 0.398 p> 
20 о 10 24.33 O41I - 
150 о п 28.23 . 0.389 11.2 
dg o 12 31.88 0.376 12.7 
EH 1 13 35.33 0.368 14. 
240 І 14 38.62 0.363 15.4 
209 I 16 41.70 0384 - 16.6 
200. 2 18* 44.82 0.402 178. 
xt оте быы ү Терут 


* During the preceding five-minute period, without odor stimulation, the total 
amount secreted by the left parotid gland was 4 hundredths of a cc. 
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TABLE V 


C.A.E. BILATERAL STREAM Injection OF Arr SATURATED WITH THE ODOR or CITRAL 
AT THE RaTE OF 2000 cc. PER MINUTE 


Duration of Sum Total 
Stream Injection Secretion of Amount of Amount of 
of Citral Both Parotid Stimulation Secretion Secretion 
into Both Glands Time AM Calculated on 
Nasal Passages cc. Stimulation Basis of 
(seconds) ( E ) Timet/s С = 0.647 
зо 3 9.655 0.311 — 
60 9 15.33 0.587 9.9 
9o 13 20.08 0.647 13.0 
120 17 24.33 0.649 15.7 
150 19 28.23 0.673 18.3 
180 22 31.88 0.690 20.6 
210 23 35.33 0.651 22.9 
240 25 38.62 0.647 25.0 
270 28 41.70 0.671 27.0 
300 3o* 44.82 0,669 29.0 


* During the preceding five-minute period, without odor stimulation, the total 
amount secreted by the two parotid glands was 19 hundredths of a cc. 


TABLE VI 


E.LS. BILATERAL Stream Injection OF Атк SATURATED WITH THE Орок or CiTRAL 
AT THE RATE OF 2000 cc. PER MINUTE 


Amount of 


АДЕКЕ ш org d qucd Secretion 
into Both Yna a eiea Pag Calculated on 

8 сс. Stimulation Basis of 

(seconds) ( тоо ) Timet: С = 117 
30 п 9.655 1.14 11.3 
60 18 15.33 1.17 17.9 
90 23 20.08 1.15 23.5 
pee 29 24.33 1.19 28.5 
150 34 28.23 1.20 33.0 
180 38 31.88 1.19 37-3 
dio 41 35:33 1.16 41.3 
Mo 44 38.62 LI4 45.2 
209 48 41.70 1.15 48.8 
300 52* 44.82 1.16 52.4 


* During the preceding five-minute period, without odor stimulation, the total 
amount secreted by the two parotid glands was 21 hundredths of a cc. 


These tables show that—probably because of an addi- 
tional factor due to the first effect of the injection of air and 
odor—the formula reported did not give a constant until 30 
seconds or one minute had elapsed. } 
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TABLE VII 


C.A.E. BILATERAL STREAM INJECTION OF Arr SATURATED WITH THE Орок or MENTHOL 
AT THE RATE OF 2000 cc. PER MINUTE 


Duration of Sum Total 
Stream Injection | Secretion of Amount of Amount of 
of Menthol Both Parotid Stimulation Secretion Secretion 
into Both Glands Timer Mu Calculated on 
Nasal Passages сс. Stimulation Basis of 
(seconds) ( 100 ) Time? C = 1.04 
30 8 9.655 0.829 — 
60 16 15.33 1.04 15.9 
9o 23 20.08 1.15 20.9 
120 28 24.33 1.15 25.3 
150 31 28.23 1.09 29.4 
180 34 31.88 1.07 33-2 
210 37 3533 > 1.05 36.7 
240 39 38.62 LOI 40.2 
270 42 41.70 LOI 43- 
300 47* 44.82 1.05 24 


* During the preceding five-minute period, without odor stimulation, the total 
amount secreted by the two parotid glands was 18 hundredths of a cc. 


CoMMENT 


It is significant that the average normal secretory rate of 
the parotid glands is constant in physical time just as, for 
example, the respiratory rate and the cardiac rate. Such a 
relationship has the exponent of one (л = 1) in the simple 
power formula 


(Time)" + Total Parotid Secretion = Constant. (1) 


In the experiments here described, when a stream of an 
odor such as citral or menthol was injected into the nasal 
Passages at relatively moderate pressure, the normal secretory 
Tate of the parotid glands was increased. The increase in 
the rate of secretion is indicated in the power formula by the 
change of the exponent n from n = I to n = 2/3, i.e. 
(Stimulation Time)? + Total Volume of Parotid Secretion 

= Constant. (2) 


The above equation adequately describes the altered condi- 
zene and enabled one to predict the total amount of secretion 
during the five-minute period of olfactory stimulation from 
One reading during the experiment.? j 


н |рхретшепв, in which the duration of stimulation of the olfactory membranes 
as longer than five minutes have not yet been made, 
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Formula 2 may be of importance for an understanding 
of both the physiology and the psychology of the nervous 
system.? 

As has already been reported for three special senses— 
smell, vision and hearing—the same type of formula with the 
same exponent 


(Stimulation Time)? + Recovery Time = Constant 


applied to the relationship between the time an individual 
was stimulated with a relatively moderate stimulus and the 
time that elapsed after cessation of the stimulus before a 
threshold stimulus could again be recognized. This so-called 
recovery time for the special senses is in a way equivalent to 
the total volume of parotid secretion as a result of stimulation. 
Both recovery time, and total parotid secretion in the ex- 
periments here described indicate the total effects produced 
by stimulation of the specialized peripheral receptors—in the 
one instance measured by the time required for return of the 
ability to recognize a threshold stimulus, in the other measured 
by the effect on the parotid glands as indicated by the total 
amount of secretion. 

It is significant that essentially the same formula is ap- 
plicable on the one hand to the effects of stimulation of a 
peripheral receptor as based upon the time required for the 
return of a conscious voluntary process (the recognition and 
reaction to a threshold stimulus), on the other hand to the 
objective effects of stimulation of a peripheral receptor upon 
án unconscious involuntary process (parotid secretion). 


SuwMARY 


I. The average normal secretory rate of the parotid glands 
of 50 normal individuals was fairly constant. 

2. The volume of fluid secreted by one parotid gland is 
increased by a stream injection of citral or menthol into the 
ipsilateral nasal Passage. 

* Crozier and Holway (6) have recently confirmed the fact that the power formula 
holds for certain visual mechanisms. They express the formula in logarithmic form as 

log AI = — Zlog 4-- C 


They state that “the properties of AI are quantitatively determined by events central 
to the retina.” 
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3. The volume of fluid secreted by the two parotid glands 
is increased by stream injection of odorous substances such as ` 
citral or menthol into the two nasal passages. _ 

4. The total volume of parotid secretion during a five- 
minute period of a stream injection of odorous substances 
such as citral or menthol into the two nasal passages was 
increased according to the formula 


Stimulation Time?! + Total Amount of Parotid Secretion ' 
= Constant. 


(Manuscript received December 21, 1939) 
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COMPARATIVE RETENTION OF OPEN AND 
CLOSED VISUAL FORMS 


BY H. GURNEE, B. E. WITZEMAN, AND M. HELLER 


It is a principle of Gestalt psychology that incompletion 
affects retention. The effect is said to be a function, not of 
incompletion as such, but of the amount of tension induced in 
the system by the circumstances of incompletion. Thus, 
according to Koffka,! where no tension toward completion is 
induced, memory traces of open systems are likely to be less 
stable and have lower survival value than memory traces of 
closed systems of a comparable sort; but where such tension 
toward completion is induced, the open system will manifest 
greater survival value than the closed system. Appearing to 
support this latter principle are several experiments by asso- 
ciates? of Lewin, demonstrating a greater recall value for 
interrupted than for completed tasks. However, recall was 
here indicated either by naming the task or by resumption of 
it, and unfortunately these two procedures give no measure 
of the comparative availability of the systems of behavior 
whereby the tasks were being performed. For all we know, 
the response-pattern may have been just as well retained in 
the completed as in the interrupted task. McKinney ? seems 
to have been the only person to investigate this problem in a 
crucial way, and he reported no clear advantage in favor of 
the interrupted system. 

McKinney used mazes. Visual forms offer another means 
of testing these Gestalt generalizations. Such forms lend 

1 Korrxa, K., Principles of Gestalt Psychology, 1935, pp. 339-340, 508, 621-622. 

2 ZEIGARNIK, B., Über das Behalten von erledigten und unerledigten Handlungen, 
Psychol. Forsch., 1927, 9, 1-85. M. Ovstanxina, Die Wiederaufnahme unterbrochener 
Handlungen, Psychol. Forsch., 1928, 11, 302-379. D. L. Apter and J. S. Kounin, 
Some factors operating at the moment of resumption of interrupted tasks, J. Psychol., 
1939, 7, 355-367. 


8 McKinney, F., Studies in the retention of interrupted learning activities, J. 
comp. Psychol., 1935, 19, 265-296. 
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themselves equally well to open and closed situations, and 
they possess the additional merit of being relatively insus- 
ceptible to rehearsal. Crucial results would require the open 
forms to be presented, one, under conditions that preclude 
any possibility of tension and, two, under conditions in which 
a tension is operationally present. Actually, there seems no 
way of invariably insuring such a definitely unequivocal set 
of conditions, chiefly because the presence or absence of ten- 
sion is so largely a function of the subject's attitude. We 
have tried to approach these respective conditions, one, by 
having subjects learn visual designs now open and now closed, 
and, two, by having them now interrupted and now uninter- 
rupted while tracing visual designs. 


МЕтнор 


The stimuli were irregular, novel designs, drawn in outline with black ink on 
5" X 3" white cards, They ranged in area from 20 to 30 square centimeters, In 
Situation 1, 24 of these were presented initially to the subject; half of the 24 were open 
and half were closed. By ‘open’ is meant that approximately one-fifth of the periphery 
was left undrawn. To control variability in impressiveness of design, two alternate sets 
Were constructed, so that the designs closed in one set were open in the other, and each 
of these sets was given to one of two comparable groups of subjects. Exposure was 
manual, for 2 seconds, with 2 seconds between stimuli. The subject was instructed to 
impress each design upon his mind so that he would be able to recognize it if he saw it 
again. After one presentation, the cards were mixed with 24 others, in an originally 
chance order that was constant for all subjects, and the whole 48 were presented for 
recognition. The interval between presentations was 5 minutes, One of three 
Tesponses was required: ‘yes,’ ‘no,’ ‘doubtful.’ Thirty-two male college students 
acted as subjects. 

In Situation 2, 20 closed figures, similar to those above, were presented one at a 
time to each subject, and he was required to trace the pattern through a sheet of thin 
Tice paper. For half of the designs, he was interrupted by having his hand obstructed 
Just before he reached the end; the other half of the designs he was allowed to complete. 
Again, alternate groups of subjects were interrupted on alternate designs in order to 
equate for varying impressiveness of figures. It was impossible to control time with 
апу precision in this Situation, and subjects were merely forbidden to loiter or to use 
haste. Nothing was said about learning the designs. The order of the cards, originally 
chance, was constant for all subjects, and on completion of the trial, they were mixed 
miconstant arrangement with 20 others for recognition. Time between trials was five 
minutes, Responses were, as above, ‘yes,’ ‘no,’ ‘doubtful.’ The subjects were 32 
male college Students, and 22 children aged 10 to 12. 


ReEsutts anp Discussion 
In Table I are presented the data for Situation I. Re- 


actions to the new stimuli are not given, since they are not 
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relevant to our problem. ‘Doubtful’ reactions are also omit- 
ted; their number can be determined by subtraction. Since 
there were 12 closed and 12 open stimuli in each series, and 
the subject had 3 possible reactions, 4 correct recognitions in 
each case would be expected by chance. Results on the two 
sets of stimuli, in which the conditions of openness and closure 
were alternated, have been pooled. This was necessary, for 
it was found, as expected, that some figures were much more 


easily recognized than others, the differences running all the . 


way from below chance to 100 percent correct responses.’ 
(Incidentally, figures that were named by S almost invariably 
gave high recognitive scores.) 

TABLE I 


Recocnition or Open anp Сіоѕер VisuAL Forms 


Recognized Unrecognized 
c о c о 
Adults av. 7.031 7.063 3.594 3.873 
(№ 32) ¢ 2.685 2.738 2.320 2.254. 
CR. 05 84 


The purpose in Situation I was to compare retention of 
open and closed figures under conditions otherwise uniform. 
Tt is reasonable to suppose that, other factors being equal, an 
open figure would be less integrated than a closed figure; 
therefore, in Koffka’s theory, it should have a lower survival 
value than the latter. But our data reveal no appreciable 
difference in this respect; the critical ratio is almost zero, and 
is, incidentally, in the opposite direction from that required 
by. the theory. Possibly the factor of tension was not alike 
for the two figural conditions. It is known that open figures 
sometimes manifest a tendency toward closure. Assuming 
this tendency to be present, it may have induced in certain or 
all of our open stimuli a tension which compensated for their 
presumably greater instability. Or perhaps these stimuli 
sometimes gave rise to an attitude of annoyance which facili- 
tated their retention. Unfortunately we obtained no intro- 
spective data relevant to this question. If increased tension 
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of some sort is the answer, it is a little surprising that it should 
balance so nicely the supposed loss from poorer organization. 
Perhaps a better answer is that our open figures were not de- 
prived of enough of their form (about one-fifth) to affect 
appreciably their organization, and the subject therefore com- 
pleted them perceptually quite easily and naturally, " 
The data for Situation 2 are given in Table П. *Doubt- 
ful’ reactions and reactions to the new stimuli are again not 
included; and responses on the 2 series, in which alternate 
sets of stimuli were interrupted, are pooled, as in Situation I. 
Since there were 10 completed and 10 interrupted tracings in 
each series, a chance score would be 3.333 correct responses. 


TABLE II 


Recocnition or COMPLETELY AND INcoMPLETELY TRACED VISUAL FORMS 


Recognized Unrecognized 
c I © 1 
Children Ау. 5.500 5.545 4.182 4.227 
N22) c 2.961 2.296 2.609 “1,965 
C.R. .057 .07 
Adults Ау. 5.606 | 5-697 3.606 3.697 
(N32) о 3.625 3.875 2.954 2.034 
С.К. :099 4 


Interruption is expected, normally, to cause a tension to- 
wards completion in the subject, and this tension is supposed 
to enhance retention by strengthening organization of the 
memory trace. But the data in Table II reveal no appreciable 
retentive superiority of the interrupted figures. The differ- 
ences for both children and adults are in the predicted direc- 
tion, but the critical ratios are so small as to make these 

‘differences meaningless. х 

Thus our results fail to support Koffka’s theory. Оп the 
other hand, they should not be interpreted as constituting 
clear disproof of the theory. Our experimental conditions, 
We feel, left much to be desired, particularly in the matter of 
control of subjects’ attitudes. Before positive conclusions 
can be reached, the effects of at least three different sets of 
Conditions should be determined. (1) Effect of a greater in- 
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terval between presentation of the original stimuli and pres- 
entation for recognition. It may be that our interval was too 
short to allow differences in stability and organization to 
manifest themselves. A greater interval would permit inter- 
ferences to weaken; although it would also allow more time 
for such complicating factors as assimilation and autonomous 
structural change of the forms. (2) Effect of a higher degree 
of learning. Perhaps our figures were not sufficiently im- 
pressed to begin with. Presumably one would have to stop 
short of overlearning in order to get an adequate measure of 
decay, but between this and our condition of one trial there 
are various degrees of learning that could be tried. (3) Effect 
of a more interesting task, that is, one the subject may be 
expected to want to complete. Tracing apparently had little 
or no appeal to most of our subjects, and interruption was 
therefore apt to be taken quite passively as a matter of course. 


SUMMARY 


Thirty-two adult subjects learned open and closed visual 
designs. Percentages of correct recognitions for the two con- 
ditions showed no differences. Thirty-two adults and twenty- 
two children were given the task of tracing designs. Half 
of the time they were interrupted. Percentage of correct 
recognitions was approximately the same for the interrupted 
as for the completed designs. The results do not support 


Koffka’s theory of the effects of incompletion upon the sur- 
vival of memory traces. 


(Manuscript received January 11, 1940) 
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EXTINCTION OF CONDITIONED PSYCHO- 
GALVANIC RESPONSES FOLLOWING TWO 
CONDITIONS OF REINFORCEMENT * 


BY LLOYD G. HUMPHREYS 
Department of Psychology, Northwestern University 


An explanation of certain conditioning phenomena in 
terms of increments and decrements of excitatory potential 
for every reinforcement and non-reinforcement received has 
been questioned by several recent experiments. The present 
writer, for example, has reported results for the effects of 
random alternation of reinforcement in the acquisition and 
extinction of conditioned eyelid responses which contradict 
the hypothesis (8). Acquisition performance of a group of 
subjects given equal numbers of reinforced and non-reinforced 
trials was not significantly different from that of a control 
group given an equal number of trials all of which were re- 
inforced. In extinction, however, the experimental group (50. 
percent reinforcement) gave responses of greater frequency 
and magnitude than the control group (100 percent reinforce- 
ment). The group with the larger number of reinforcements 
was thus less resistant to extinction, a result directly opposed 
to the prediction based upon the hypothesis in question. 

The preceding findings have elsewhere been interpreted (5) 
in terms of preparatory set or expectancy. An adequate ex- 
planation is to some extent dependent, however, on knowledge 
concerning the generality of the findings. Thus it is the pur- 
Pose of the present paper to report data for conditioned 


.PSycho-galvanic responses following 50 percent and 100 per- 


cent reinforcement. Whereas eyelid responses may be vol- 
untary and reportable, psycho-galvanic responses are non- 
voluntary and non-reportable; yet the latter responses have 
been shown to be correlated closely with expectancy of stim- 

! This research was conducted in the Department of Psychology, Institute of 
Human Relations, Yale University. The writer is indebted to the National Research 
Council for fellowship funds and to Professor Clark L. Hull who directed the research, 
Acknowledgment is made to Professor W. R. Miles for the use of a sound-resistant room 
and to Professor D. G. Marquis for the galvanometer used in the investigation. 
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ulating situations (3), (9). Comparability of results from 
eyelid and psycho-galvanic conditioning would substantiate 
the expectancy explanation. It would suggest, also, the non- 
voluntary character of the original eyelid results. 


APPARATUS AND PROCEDURE 

Data were available from a previous study (7) in which generalization following 
50 percent and 100 percent reinforcement was investigated, The apparatus and pro- 
cedure used were there reported more fully. Conditioned psycho-galvani c response 
were established to a tone of 1967 d.v., 40 db. above threshhold, which was followed 
at an interval of 400 ms. by an ‘unpleasant’ shock to the wrist. Other frequencies of 
equal subjective intensity, used to test for generalization, were 1718, 1311, and 1000 d.v. 
An-experimental period consisted of the following: (1) two presentations of each of the 
four tones alone in a rotated order, or eight trials in all; (2) two presentations of the 
shock alone; (3) sixteen acquisition trials for 1967 d.v., all reinforced for one group of 
subjects (1oo percent reinforcement), one-half reinforced for a second group (50 percent 
reinforcement); (4) repetition of step (1), or eight trials of the four tones alone. Since 
the order of presentation of the four tones in step (4) was systematically rotated, fre- 
quency of tone can be disregarded and the eight trials treated as an extinction series. 

"Trials occurred, on the average, ata 6o-second rate. Subjects were undergraduates 
in Yale University and were paid by the hour. None had previously served in a condi- 
tioning experiment. : 

REsutts 

Tt has frequently been shown that the strength of condi- 
tioned responses is correlated with the strengths of the reflexes 
to the unconditioned and conditioned stimuli (т), (2), (то). 
This was found to be true of the present results. It was thus 
possible to match twenty subjects from the 50 percent and 
100 percent reinforcement groups on the basis of initial sensi- 
tivity to the tones and to the shock (matching correlations of, 
:94 and .96, respectively). This matching resulted in а cor- 
relation of .55 between the respective magnitudes of condi- 
tioned responses. 

Figure 1 presents the magnitude of psycho-galvanic re- 
sponses, in millivolts, for the trials preceding and following 
the differing conditions of reinforcement given the two groups 
of subjects. The lower, dotted lines represent the adaptation 
or extinction of the responses to the tones prior to reinforce- 
ment. Their striking similarity is of interest since it furnishes 
additional evidence for the initial comparability of the ex- | 
perimental groups. Had conditions of reinforcement re- 
mained the Same, one would have expected no differences to 
appear following conditioning, 


EXTINCTION OF PSYCHO-GALVANIC RESPONSES 73 


_ . The conditioned responses following the two methods of 
reinforcement are represented by the upper, solid lines. | Tt is 
seen that extinction now proceeds quite differently, the results 
being similar to those previously found for conditioned eyelid 
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- Ес. т, Extinction of psycho-galvanic responses. Magnitude of responses is 
measured in millivolts. The lower, dotted lines represent trials prior to reinforcement. 
The upper, solid lines represent trials following reinforcement. For 100 percent rein- 
forcement shock followed tone on every trial. For 50 percent reinforcement shock 
followed tone оп one halfof the trials. It is seen that the two groups of subjects, though 
initially comparable, perform differently following reinforcement. It is apparently 
more difficult for the 50 percent reinforcement group to form an expectancy of con- 
tinued non-reinforcement. 


reactions (5). Although one group had only eight reinforce- 
ments in sixteen trials as compared to sixteen reinforcements 
for the second group, the magnitude of conditioned responses 
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is comparable at the end of acquisition (first extinction trial). 
As extinction proceeds, however, the 100 percent group mani- 
fests the usual negative acceleration, while the бо percent 
group rises to the third trial and drops off more slowly there- 
after. The ¢ test for the significance of this extinction differ- 
ence shows that the probability is less than .or that a difference 
as large could have arisen by chance (t equals 3.23). 

The preceding results cannot be explained by the operation 
of increments and decrements due to reinforcement and non- 
reinforcement.? They are congruent, however, with an ex-- 
planation in terms of expectancy, i.¢., that acquisition and 
extinction of the conditioned responses are dependent on the 
formation of expectations or ‘hypotheses’ concerning rein- 
forcement and non-reinforcement. Comparable acquisition 
performance in spite of 50 percent reinforcement may be 
explained on the basis that the noxious character of the un- 
conditioned stimulus compensates for a considerable degree 
of uncertainty regarding its appearance. The extinction re- 
sults are apparently due to difficulty in forming an hypothesis 
of continuous non-reinforcement after discontinuous reinforce- 
ment in acquisition.: This assumption has been verified for 
verbal expectations (6) and is also supported by the results of 
Mowrer (9) and of Cook and Harris (3). 

Extinction following 50 percent reinforcement is at least 
phenotypically similar to the extinction following continued, 
massed reinforcement reported by Hovland (4). The present 
results cannot be explained by the ‘inhibition of reinforce- 
ment’ concept, however, since the initial rise in the extinction 
curve is associated with the smaller number of reinforcements. 
An expectancy explanation for distributed practice phe- 
nomena, on the other hand, seems also to be ruled out, as 
Humphreys, Miller, and Ellson (8) found no relationship 
between inter-trial time intervals and the acquisition and 
extinction of verbal expectations. 

* It should be noted that the factor of distributed reinforcement in the 50 percent 
group was controlled in the previous eyelid conditioning (5). Since extinction proceeded 


in much the same fashion whether reinforcement had been massed or distributed, this 
control was omitted in the present investigation. 
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Summary AND CONCLUSIONS 

Conditioned psycho-galvanic responses were established in 
forty human subjects to a tone of 1967 d.v. under two con- 
ditions of shock-reinforcement. One group of twenty subjects 
was given sixteen paired presentations of the tone and shock 
(100 percent reinforcement); the remaining twenty subjects 
were given sixteen presentations of the tone, eight of which 
were paired with shock in a random order (50 percent rein- 
forcement). From the results it can be concluded: 

I. Performance at the end of acquisition is approximately 
equal under the two conditions of reinforcement. This find- 
ing parallels the results from previous eyelid conditioning. 

2. Extinction following 100 percent reinforcement exhibits 
the usual negative acceleration, that following 50 percent 
reinforcement an initial rise and less rapid decline. This 
finding is similar both to the eylid conditioning results and 
to those for verbal expectations. 

3. The results here reported are congruent with the ex- 
planation in terms of preparatory set or expectancy advanced 
in a preceding paper. 

(Manuscript received January 3, 1940) 


REFERENCES 


+ Самрветл, A. A., The interrelations of two measures of conditioning in man, 
J. exper. Psychol., 1938, 22, 225-243. ^ 
2. CAMPBELL, A. A., AND Нпсавр, E. R., Individual differences in ease of condition- 
ing, J. exper. Psychol., 1936, x9, 561-571. 
3. Соок, S. W., anv Hanxus, R. E., The verbal conditioning of the galvanic skin reflex, 
J. exper. Psychol., 1937, 21, 202-210. 
4. Hoviaxp, C. I., ‘Inhibition of reinforcement? and phenomena of experimental 
extinction, Proc. Nat. Acad. Sci., 1936, 22, 430-433. Ў 
5. Humpureys, L. G., The effect of random alternation of reinforcement on the acqui- 
sition and extinction of conditioned eyelid reactions, J. exper. Psychol., 1939, 25, 
141-158. 
6. Humpureys, L. G., Acquisition and extinction of verbal expectations in a situation 
analogous to conditioning, J. exper. Psychol., 1939, 25, 294-301. 
7. Нимрнккүз, L. G., Generalization as a function of method of reinforcement, J. 
exper. Psychol., 1939, 25, 361-372. 3 
8. Нимривкүз, L. G., Милев, J., Амр Etson, D. G., Theeffect of the intertrial inter- 
val on the acquisition, extinction, and recovery of verbal expectations. (To 
appear.) 
9. Mowrrr, O. H., Preparatory set (expectancy)—a determinant in motivation and 
learning, Psychol. Rev., 1938, 45, 62-91. 
10. PAvroy, I. P., Conditioned Reflexes. London: Oxford University Press, 1927. 


STUDIES IN THERMAL SENSITIVITY: 14. PART- 
МНОГЕ RELATIONS IN SERIATIM i 
WARM-MAPPING 


BY WILLIAM LEROY JENKINS, 
Lehigh University 


In a previous study,! it has been shown that there are 
highly consistent relations between part and whole seriatim 
scores when the same skin area is mapped alternately, at 
17? C., with two different stimulator sizes. In the present 
study, the analogous problem has been investigated for 
warmth. 

PROCEDURE 

The method was essentially the same as that employed in the study with cold. 
Subjects worked in groups of three, each acting in turn as experimenter, subject and 
recorder. A checkerboard pattern of suitable squares or rectangles, stamped on the 
volar surface of the left forearm, was mapped alternately with the two sizes, with suit- 
able rest periods between, until a total of 12 mappings had been completed. The report 
categories were: o for neutral, 1 for weak, 2 for medium and 3 for strong warmth. 
Inlet temperature was maintained at 44° C. in all experiments—a level which prelimin- 
ary experiments indicated was unlikely to cause pain. 

The chief difference from the corresponding cold-mapping experiments lay in the 
temporal spacing of the successive mappings. Since preliminary work ?-had indicated 
that warm-mapping was peculiarly open to artifacts arising from, adaptation and vascu- 
lar changes, the time between successive mappings was lengthened to 15 minutes, and 


the total experimental session was divided into two parts with a two-hour rest period 
between. 


Rrsurrs 


The data in general show such a remarkable similarity to 
those for cold that their presentation may be greatly abbre- 
viated. "Table 1 gives the distribution of reliability coeffi- 
cients between the whole scores and the square-root function 
of part scores for the three size comparisons, and for the odd- 
even correlation of 6 mappings with a 1 mm diam. stimulator. 

1 Jenxins, W. L., Studies in thermal sensitivity: 12. Part-whole relations in 
seriatim cold-mapping, J. exper. Psychol., 1939, 28, 373-388. 


* Jenkins, W. L., Studies in thermal sensitivity: то. The reliability of seriatim 
warm-mapping with untrained subjects, /. exper. Psychol., 1939, 24, 439-449- 
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The general level of reliability is somewhat lower than for 
seriatim cold-mapping, slightly less than half the group reach- 
ing the required standard of .80. With the 1 mm diam. 
stimulator, discrimination broke down completely for the 
majority of the subjects and only тї out of 92 reached .80 
or higher. Consequently, no size comparisons were made in- 
volving this stimulator. In all of the following analyses, only 
the figures from those subjects showing reliability coefficients 
of .80 or greater have been used. f 


TABLE 1 
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Figure 1 shows in condensed form the essential part-whole 
relations. In part 4, the circles show the median whole 
Scores for cases where the two part scores are identical. (For | 
clarity, the part scores have been grouped into 7 category 
levels.) The heavy line is not fitted to these data, but is the 


_ basic curve earlier developed for cold? It is evident that the 


law for summation from identical scores is the same for cold 
and for warm, except for a deviation at the ‘3’ level, which 
will bear further investigation. Part B shows plainly that 
the maximum of part scores does not fit the basic curve, whole 
Scores being consistently less than the maximum: of part 
Scores. Parts C and D demonstrate that there is a very good 
fit of the square-root function of part scores to the basic curve, 
т Various part score differences and for the three size com- { 
Parisons used, 2 

, Jenkins, W. L., Studies hemat sensitivity: 12. Part-whole relations in 
seriatim cold-mapping, J. exper. Psych., 1939, 25, 377. 
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Figure 2 shows seriatim maps made with the 1 mm diam. 
stimulator for six subjects whose reliability coefficients ranged 
from .84 to 88. АЗ with cold, there are hills and valleys of 
sensitivity, but isolated positive squares (‘warm spots’) sur- 
rounded by zero squares are conspicuously absent. 


Maximum 
IDENTICAL or Part Scores 
Parr Scores 


Difference 
+ ar more 


Sauare-Roor 
FUNCTION 


SQuare Roor 
FUNCTION 


Areas 
© 3«3-3«6 
Ф 2x2-2x4 
Q 2x1-2x2 


Fic. т. Ordinates: functions of part scores. Abscissae: whole scores. Circles: medians 


of whole scores. 


4 


Discusston 


The data for part-whole relations are so similar for warm 
and cold, that it seems unnecessary to repeat here the detailed 
discussion of the earlier paper The facts of warm sensi- 
tivity, like those of cold, cannot be adequately explained in 

* Ob. cit., 381—388. 
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Fic. 2. Seriatim maps with 1 mm diam. stimulator at 44°C. Each square represents 
т тп. Reliability coefficients from .84 to .88. 


terms ofthe traditional theory of ‘warm spots, nor by assum- 
ing varying thermal conduction to account for the differing 
score levels. The concentration theory, however, can be equally 
well applied to warm sensitivity. 

One objection, advanced since the publication of the earlier 
paper, can be disposed of briefly. In part B of Fig. 1, it is 
shown that whole scores are consistently less than the max- 
imum of differing part scores. It has been suggested that 
this reduction might be caused by the greater tactile inter- 
ference from the double-sized stimulator. If this were true, 
however, the same sort of tactile interference should be present 
when the part scores are identical. Part 4 of Fig. 1 shows 
that with identical part scores, the median whole score is 
greater than the part scores. Hence, tactile interference can- 
Dot account for the relationship. 

More serious is the contradiction between these results and 
those obtained by Hardy and Oppel with radiant stimulation.* 
These investigators showed that the threshold for radiant 
‚‚ * Harpy, J. D. AnD Oppet, T., Studies in temperature sensation. III. The sensi- 
tivity of the body to heat and the spatial summation of end-organ responses, J. Clin. 
Invest, 1937, 16, 535-540; IV. The stimiulation of cold sensation by radiation, J. Clin. 
Inzest., 1938, тт, 771778. 
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warmth and cold varies as an inverse function of stimulation 
size up to approximately 200 cm’—in short, very marked 
summation effects. In contrast, our seriatim mapping studies 
indicate summation to be a very minor influence in determin- 
ing seriatim scores. 

The contradiction, however, may be more apparent than 
real. Hardy and Oppel worked entirely with radiant stimu- 
lation; the seriatim mapping studies have been made entirely 
with contact stimulation. Hardy and Oppel measured only 
threshold intensities; our studies have been always with defi- 
nitely supra-liminal intensities. Certain technical difficulties 
lie in the way of seriatim mapping with radiant stimulation, 
or of threshold determinations with contact. It is hoped, 
however, that further research may serve to clarify the situa- 
tion, since both sets of results appear to be soundly established. 


SUMMARY . 


The part-whole relations found in seriatim warm-mapping 
are virtually identical with those earlier reported for cold. 
Aside from a minor effect of size as such, whole scores are 
expressed as a square-root function of part scores. Seriatim 
maps with a 1 mm diam. stimulator show no isolated ‘warm 
spots.’ Neither the traditional ‘warm spot’ theory, nor the ^ 
thermal-conduction modification of it provides an adequate 
explanation of the experimental facts. Warm sensitivity, like 
cold sensitivity, is best explained in terms of a concentration 
theory, i.e., that sensitivity is determined by the concentration 
of minute receptors. 


(Manuscript received December 19, 1939) 


AN APPARATUS AND METHOD FOR STIMULATIN: 
RECORDING AND MEASURING 
FACIAL EXPRESSION 


BY JOHN G. LYNN, M.D.* 


Neurological Institute, New York 


Since 1935 the writer has conducted a series of studies on 
contrasting aspects of the dynamic patterns of involuntary 
facial expression and their relation to general patterns of 
behavior. ‘The subjects of these investigations have consisted 
of approximately 1,200 normal and abnormal individuals. 
Reports of this work have been and are being published.! 

In the course of these studies, it has been found possible 
to discard inexact, subjective analysis of involuntary facial 
reactions, and to substitute in its stead a technique for exact 
and objective measurement. 

An apparatus, the facial cinérecorder, has been devised, у 
and has been used successfully on 108 patients at the Psy- 
chiatric Institute, №. Y. C. This set-up combines a continu- 
ous automatic sound movie projector with a concealed moving 
picture camera so that facial expression is first auditorially 
and visually stimulated and then photographed under stand- 
ard conditions without the subject’s knowledge. The de- 
veloped cinematographic record can later be subjected to an 
analysis in which the dynamic patterns of expression are 
translated first into graphic and finally into quantitative nu- 
merical representations. The type of moving picture shown 
to the subject will depend on the particular emotional reac- 

* The author was aided in the development of a suitable sound and telephone at- 
tachment for the continuous automatic projector by Mr. Harry B. Jones, research 
engineer for Advertising Projectors, Inc., 10 West 33rd Street, New York, N. Y. 

‘Lynn, Joun G. AND Doris R., Face-hand laterality in relation to personality, 
J. abnorm. and soc. Psychol., July, 1938, 33; and Laterality of involuntary mimetic 
smiling: an indicator of aggressive and retiring tendencies. A cinematographic analysis; 
Presented in brief form at the 29th annual meeting of the American Psychopathological 
Association, Atlantic City, June 6th, 1939. ‘To be published. 
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tions desired. As involuntary mimetic smiling and laughter 
were being studied in the forementioned investigation, Walt 
Disney films were used. 

Figures 1 and 2 show, from slightly different angles, the 
construction and use of the facial cinérecorder. The appa- 
ratus has been built in four separate sections, each with a 
carrying handle, so that they can be transported easily. 
These sections are respectively, I, the facial aperture box (1) 


Fics т; 


The facial cinérecorder in use with side covering 


dropped to show internal 
construction. 


П, camera-screen-light unit (17, 11, 18), III, continuous 
automatic projector (21), and IV, photo-electric sound unit 
(15). When assembled, sections I, II, and III lock together 
to form a rigid unit with over-all dimensions of 57 X 181 X 
175 inches. Section IV, the sound unit, rests on top of sec- 
tions П and III. The facial aperture box (1) is attached to 
the camera and screen unit by metal tie-rods (5) so that the 
subject's face is always three feet from the camera lens (17). 


FACIAL EXPRESSION 83 


The space between the face box and the camera box is covered 
with black photographer’s cloth in order to minimize outside 
stimulation. This covering has one side unhooked and 
dropped down in the photograph (Fig. 1) and is omitted in 
the diagram (Fig. 2). "The whole apparatus is placed on a 
long table. 

The subject sits on an adjustable stool in front of the 
facial aperture box. He is told that the purpose of the ex- 
periment is to test his memory of the Mickey Mouse movie to 
be seen and heard. This memory test serves as a necessary 
cover-up for the real purpose of the experiment. It gives the 


Fic. 2. Diagram of the facial cinérecorder. 


subject a plausible reason for putting on the earphones and 
placing his face in the adaptable opening (8) in the exact 
position to be photographed. While he is watching the movie 
on the 5 X 7 inch daylight translucent screen (11) and laugh- 
ing at Mickey's antics, a concealed high-speed camera (17) 
takes his picture through one opening in a duplex electric 
outlet situated just underneath the screen. One of these two 
Outlets is functional and serves as the connection for the 
electric time-clock (3). The other outlet is merely a camou- 
flage for the camera lens. On either side of the screen and 
beneath it, rows of diffuse General Electric lumiline tubes (18) 
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throw sufficient light on the subject's face for it to be photo- 
graphed easily on ultra-super-sensitive film with the lens at 
F.1.5 and with a speed of 40 frames a second. These lights 
are not sufficiently bright or glaring to annoy the subject or 
to make him suspicious. In order to prevent the heat from 
the enclosed lights from annoying the subject or damaging 
the film record, two electric blowers are used to suck air around 
the lumiline tubes into the camera box and to blow it out of 
apertures on the two sides. The position of one of these 
blowers is shown by a ghost outline (10) on Figure 2. 

Besides photographing the subject's facial reactions, the 
camera also records the face of a time-clock (3) which measures 
1/100 second intervals, a mirror image of the picture on the 
Screen inducing the reaction, and various index cards (7) 
displaying the subject's number, the date, etc. 

The moving picture on the screen is projected from the 
rear from the continuous automatic projector (21). The 
sound apparatus (15, 16) which has been built for this pro- 
jector, serves the triple purpose of intensifying the humor of 
the picture, of providing earphones which keep the subject's 
head in place, and of hiding the intermittent noise of the 
camera. 

The operator not only controls the projector, camera, 
lights, and sound effects, but he can also talk to the subject 
through a hand-telephone, listen to the sound effects through 
his own earphones, and can watch the subject through an 
opening in the top of the black cloth covering or through a 
periscope. In order to facilitate smiling and to conserve film, 
it was found advisable in the experimentation at the Psychi- 
atric Institute, to keep the top of the black cloth covering 
open so that the operator could smile at as well as speak to 
the subject through the phone in a standardized manner at 
designated points in the movie. (See Fig. т.) Immediately 
preceding the injection of this additional stimulation, the 
camera was turned on, ready to catch any changes in the 
patient’s expression. Under these circumstances, smiles were 
obtained from 93 percent of the 108 subjects already studied 
with the facial cinérecorder. As far as could be determined, 
only one patient suspected that his picture was being taken. 
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Metuop or Mappine FACIAL Expression FROM 
Movine Picrure Весокрѕ 


At some later date, the developed motion picture record 
of each patient’s expression (See Fig. 3) is projected onto the 
back of a 193 X 265 inch translucent screen forming part of 
the surface of an architect’s drawing board. A movie pro- 
jector on the floor is so arranged in conjunction with the 
drawing-board screen that every distance on the screen is 
exactly double the actual size. This magnification helps to 


Fic, 3, Subject's smile as photographed by facial cinérecorder. Frames at 1/10 
second intervals. 


reduce errors incidental to operations of measurement. A 
transparent tracing paper is fixed against the drawing-board 
Screen and the movie projector is manually operated by an 
assistant. At the beginning of a smile, the projector is 
Stopped and relatively invariable points of reference on the 
face, such as eye-corners, eyeglasses, upper teeth, hair line 
and sides of the face over the zygomatic arches are traced off. 
These serve collectively as a stable frame of reference by 
which the tracing paper can be kept in a standard position on 
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the face regardless of the amount of activity of the muscles 
ofexpression. Next, the passive position of the outer corners 
of the mouth at the muco-cutaneous junction are indicated by 
two dots (See o and o in Fig. 4). Commencing at the start 
of a smile and using the stable points of reference and the 
photographed time-clock as guides, the projector is slowly 
operated and stopped regularly at 1/10 second intervals in 
order to record any change in the position of the mouth cor- 
ners. (See Figs. 3 and 4.) 
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3 Fic. 4. Diagram illustrating method of mapping and measuring smiles. The 
index of initial laterality (Mimetic Smiledness Quotient) used in the Psychiatric 
Institute study is represented, 


The reliability of this method of mapping was determined 
by engaging the services of a disinterested person. She in- 
dependently remeasured twenty of the smiles chosen at ran- 
dom. The measurements from her maps of the amount of 
activity of the right and left sides of the face respectively 
were correlated with the amount of activity as shown by our 
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maps of the same smiles on the same individuals. A +.98 
coefficient of reliability was obtained for this method of 
mapping and measuring the dynamic patterns of involuntary 
mimetic smiling or laughter. 


MEASUREMENT oF Facrar Activity FRomM Maps 
or FacraL Expression 


From the maps of the paths of motion of the mouth corners 
in conjunction with simultaneous time-clock readings, one can 
obtain by direct measurement reliable numerical values of 
activity and relative rates of motion. The forms assumed by 
these indices will depend on what phase of expression is being 
measured. In the studies so far made, lateral hyperactivity 
of the mouth corners during involuntary smiling was being 
measured. Тһе initial phase of the smile was of first im- 
portance and therefore the index represented the differential 
tates of activity of the mouth corners during the early phase 
of the upward motion of the smile. The reliability of the 
particular index that was used in our study was found to be 
+.61 with a Р.Е. of +.05 between smiles occurring within a 
three-minute interval. Twenty-one of the subjects were re- 
tested three weeks later and the reliability coefficient between 
the average of the indices of smiles recorded at the first and 
at the control test proved to be +.59. 

Indices could also be established for the differential rates 
of motion or for the differences in absolute distances travelled 
by the two sides during the smile as a whole. The amount 
of right or left temporal lead could be determined with even 
greater ease and accuracy. For other facial reactions than 
the smile, other mathematical represenatations may be used. 
As an example, eyebrow and forehead movements can be 
efficiently recorded for measurement by the use of the facial 
cinérecorder. 

In order to examine eyebrow movements in the Psychi- 
atric Institute study, the patient was first given a pseudo EIE 
test in which spots of white adhesive were placed on his 
eyebrows directly over his pupils when looking straight ahead. 
He was asked to find the mirror reflections of these spots 
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through a hole in a card. The standard Hole-in-a-Card tests 
for eye-dominance were finally administered without the use 
of the mirror. These latter tests served not only to give 
information on eye-dominance, but also to divert the patient’s 
attention from the presence of the eyebrow spots; so that he 
invariably forgot them when introduced immediately to the 
facial cinérecorder. The small spots on the eyebrows formed 
indispensable reference points for the mapping and measuring 
of eyebrow and forehead activity. 


Resumé 

An apparatus, the facial cinérecorder, has been devised 
which combines a continuous automatic sound movie pro- 
jector with a concealed moving picture camera so that facial 
expression is first auditorially and visually stimulated and then 
photographed under standard conditions—all without the 
subject's knowledge. 

Next the developed cinematographic record is projected 
onto a translucent screen and subjected to an analysis in 
which the dynamic patterns of facial expression are first 
traced off graphically and then measured and translated into 
numerical representations. 

The facial cinérecorder, plus the forementioned technique 
of analysis of the film records, has made it possible to replace 
subjective judgments of facial expression by objective meas- 
urements. A +.98 coefficient of reliability was obtained 
when this quantitative method was used in mapping and 
measuring the dynamic patterns of mouth corner activity 
during involuntary smiling. 

By changing the nature of the stimulus situation, many 
varieties of emotional reaction other than smiling сап be 
induced and studied. Г 

Other obvious uses of the new apparatus and method 
would be in the investigation of the kinds and degrees of loss 
and recovery of function occurring in both involuntary and 
voluntary facial palsy. Furthermore, eyelid activity, eye 
movements, forehead and eyebrow motion can just as easily 
be-made the subject of measurement as mouth corner activity: 


(Manuscript received January 15, 1940) 


AN IMPROVED STABILIMETER METHOD 
FOR RECORDING ACTIVITY IN 
LABORATORY ANIMALS 


BY KARL U. SMITH 
The University of Rochester 


In making observations on the spontaneous activity of 
animals after experimental lesions of the cerebral cortex, the 
apparatus described below has been found to have certain 
advantages over other types of stabilimeters in successfully 
recording the activity of typical laboratory: subjects such as 
the rat, guinea pig, cat, and monkey. Some of the features 

‚ of a stabilimeter-type activity cage which are essential for 
long-time recording include durability, ease of adjustment of 
the apparatus, fair sensitivity, and easy dismantling for clean- 
ing, readjustment, etc. It is believed that the apparatus 
described possesses these features, and, in addition, can be 
calibrated to an approximate degree so that the magnitude 
of the movements of the animal may be estimated. 

Figure r illustrates the arrangement of the stabilimeter 


_ Fi. т. The arrangement of the stabilimeter and recording system for observa- 
tions on the behavior of cats. The pneumograph supports for the activity cage, shown 
to the left, are drawn in black. 
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and a recording system as used in determining the nature of 
spontaneous activity in cats before and after lesions of the 
frontal areas of the cortex. The stabilimeter is shown to the 
left of the figure while the kymograph and ink-recording 
system are represented toward the right. The cage of the 
stabilimeter consists of a cylinder, 28 inches in diameter and 
22 inches high, enclosed by narrow plywood strips, 14 inch 
thick and 24 inch wide. The strips are mounted one inch 
apart on two plywood rings, which also support the plywood 
discs which form the top and bottom of the cage. The top 
disc is attached by means of hinges and thus can be swung 
upward to admit the animal into the cage. 

The cage is suspended from supporting cross-beams by 
means of four pneumographs, somewhat less sensitive than 
the typical pneumographs used for registering respiratory 
movements. "These pneumographs are constructed of 34-inch 
wire springs spun from No. 18 spring-brass wire, enclosed in 
34-inch thin-wall band-stock rubber tubing. The ends of the 
springs are attached by means of small pins to the inside of 
brass-pipe caps, and the tubing is stretched and wired over 
the outside edge of the caps. The cap at the bottom of each 
pneumograph is attached to the cage by means of a hook, 
soldered to its tip, while the cap at the top of each pneumo- 
graph is drilled and fitted with a 3-inch piece of 34-inch brass 
tubing. The pneumographs are held in place at the support- 
ing beams by clamps. 

Leading from the air outlet provided by the piece of brass 
tubing at the top of each pneumograph is a length of small- 
bore rubber tubing. "The four pneumograph outlets are con- 
nected together by means of T-shaped glass rods and brought 
to a common outlet which leads to a metal bellows on the 
ink-recording kymograph. A metal capillary lever, which is 
driven by the movement of the bellows, records all move- 
ments of the cage. 

Extra-flexible hydron metallic bellows are used in the set- 
up in place of the ordinary rubber tambour for recording 
changes in air pressure in the pneumograph system.! The 

1 Clifford Manufacturing Company, Boston, Mass. 
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bellows used here is a Type F, 6-ply bellows, 27% inches in 
diameter. The head of the bellows is attached to a support, 
which holds it in place, and is connected directly to the com- 
mon outlet of the pneumograph system. A small metal guide, 
fixed to the middle of the closed end of the bellows, is fitted 
to the capillary lever and serves to move the lever when the 
bellows expands or contracts. Ink is fed into the capillary 
lever from an inkwell mounted on the support to the side of 
the bellows. 

The apparatus described here is sufficiently sensitive to 
record any or all of the slight movements which the cat nor- 
mally makes during the waking or sleeping state. Experi- 
mentation has shown that the four-point support by the 
pneumograph system provides a more sensitive recording 
system than either a three- or two-point support. ` At the 
maximum sensitivity of the system, movements which the 
animal makes in licking itself produce 34- to 1-inch deflections 
on the kymograph record, while gross movements of the ani- 
mal are recorded as 3- to 5-inch deflections. Sensitivity may 
be modified by changing the position of the driving point of 
the bellows along the length of the capillary lever, or by 
introducing slight leaks in the pneumograph system. This 
latter adjustment is used to eliminate the recording’ of the 
slower swinging movements of the cage, and to introduce a 
constant base line in the activity record. 

Record A in Figure 2, which illustrates the recording of 
Spontaneous activity, was secured on an animal in which the 
frontal lobes of the cortex had been removed. Record B in 
this figure demonstrates the use of the apparatus in recording 
the development of a conditioned response. In this situation 
the conditioned stimulus was a bell, the unconditioned stim- 
ulus, a shock to both hind paws, and the response, general 
bodily movements, recorded as shown. These records were 
obtained when the sensitivity of the recording system was 
adjusted to approximately half its maximal value and when a 
small vent was introduced into the air system. 

A similar but smaller stabilimeter has been constructed 
for studies on spontaneous activity and conditioning in guinea 
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Fic. 2. 4: Record of the spontaneous activity of a cat in which the frontal lobes 
of the cortex had been removed. The time line is in minutes. В: Record of the re- 
sponse of a normal cat to the unconditioned stimulus, a shock to the two hind paws, 


during the establishment of a conditioned response to a bell. The time line represents 
I5-second intervals. 
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pigs. This cage, which consists of a small wooden frame 
enclosed on its top and sides by sheet celluloid, is supported 
by pneumographs of greater diameter and sensitivity than 
those employed with the cat. i 

The type of stabilimeter described here has a number of 
characteristics which make it superior to the tambour-sup- 
ported activity cage which is frequently employed. The 
present apparatus is very easily constructed and will with- 
stand any degree of hyperactivity of the animal. Air-leaks 
within the pneumograph system are easy to control and repair 
since the use of rubber tambours has been dispensed with. 
The use of a metal bellows in the recording system permits a 
rough calibration of the extent of displacement of the record- 
ing lever in terms of the extent of the movements of the animal 
within the cage. This is impossible when perishable rubber 
tambours are used in the recording system. Finally, the 
pneumograph supports provide a much more sensitive record- 
ing system than is obtainable when tambour bases are used. 


(Manuscript received December 21, 1939) 
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EXPLORATIONS IN THE PATTERNING OF STIMULI 
CONDITIONED TO THE G.S.R.1 


BY CLARK L, HULL 
Institute of Human Relations, Yale University 


The stimuli involved in the conditioning which occurs in 
most life situations are almost always highly complex. More- 
over, both observation and theoretical considerations lead to 
the view that in many, if not most, such situations the subject 
reacts to the combination or pattern of complex stimuli, and 
scarcely at all to the separate components or to any simple 
summation effects arising from the separate components. In 
contrast to this the results from the ordinary conditioned 
reaction experiments employing simple compound stimuli, 
such as a light and a buzzer presented simultaneously, seem 
to indicate that reactions are evoked according to the principle 
of simple physiological summation; i.¢., the compound stimu- 
lus as a whole will evoke the reaction conditioned but the 
Separate components of the compound will also evoke the 
reaction, though somewhat less vigorously. Pavlov (6) has 
Teported the experimental production of conditioned stimulus 
Patterns in dogs by means of differential reinforcement— 
Systematic reinforcement of the compound and extinction of 
the components. As always with Pavlov, these experiments 
Were on a qualitative level; i.e., in spite of the fact that he 
measured the salivary flow, there was no quantitative index 
of the extent of patterning. The present paper reports an 

*The writer is greatly indebted to Miss Ruth Hays who acted as technician 


oH TOughout the present investigation. Dr. Stanley B. Williams computed the sta- 
tistical reliabilities. 
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exploratory attempt at the development of such an index 
connection with the pattern conditioning of the galvanic s 
reaction in man. 

The index of the extent of patterning chosen for a try: 
was the ratio of the arithmetical sum of the amplitude of 
reaction to two stimulus elements, each presented on a sej 
rate occasion, to the amplitude of the reaction to their simul- 
taneous presentation. For example: The stimuli employe: 
were a weak light from a flash-light bulb in a darkened co 
partment, and a mild cutaneous vibration. The reaction € 
ployed was the galvanic skin reaction produced originally 
an electric shock. In one experiment the light and the 
brator as.a simultaneous stimulus complex were condition 
to the shock. Soon after conditioning the two stimuli whe 
presented together gave a mean amplitude of galvanic reactioi 
(Кы) of 3.3 units, whereas the light alone (Rj) gave 2.5 un 
and the vibrator alone (R,) gave 2.9 units. Thus, 


RitR, 


2 Eie 
(te. id 2—25 ог 1.63) was the index employed. Suppo 
now, that pattern conditioning were to begin. It is to. 
expected that the amplitude of reaction evoked by each of t 
separate stimulus components (R; and R.) will progressi 
diminish so that their total, which makes up the numer t 
of the fraction, will progressively approach zero. ‘This, | 
course, would reduce the ratio itself from 1.63 to somet! 
in the neighborhood of zero. On the other hand, one or 
of the stimulus elements might be systematically reinfor 


The subjects employed in the investigation were young men registered in 
University. They were paid by the hour for their services. They were seated 
comfortable Morris chair over the top of which had been built a kind of hood w 
when the subject was seated, could be closed so that his head and torso were i 
ness. The light has been described above. The cutaneous vibrator has been de 
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elsewhere (1); it was attached to the back of the subject’s forearm in a vertical position 
so that the freely moving core of the cylindrical magnet rested through gravity upon 
the skin. The vibrator was actuated by a 6o-cycle А.С. current stepped down by a 
toy transformer giving 120 complete vibrations per second, The intensity of the 
vibratory stimulus, while mild, was easily felt. Both the light and the vibrator lasted 
for approximately one-half second (J = -485 sec and v = .509 sec). About a third of 
a second (.342 sec) after the beginning of the buzzer and the light, an A.C. shock was 
administered to the subject's wrist; this lasted for .o8 sec, The shock was adjusted 
in conference with each subject at an intensity which approached the maximum that 
he could tolerate. The subjects wore earphones which delivered a continuous А.С. 
тоаг sufficiently loud to screen out effectively any sounds of the apparatus, The 
galvanic skin reaction was picked up by two silver 25-cent coins bound to the palm 
of the subject’s hand by sponge rubber and a leather strap. A wall type of Leeds and 
Northrup galvanometer was employed, which was sufficiently sensitive to Tequire on 
most occasions considerable resistance in the circuit to prevent the beam of light from 
swinging off the scale when stimuli were given. It was necessary to vary this resistance 
from time to time in order to secure readable records. However, it was never varied 
during the presentation of any test cycle (balanced unit of test trials), so that no 
constant errors were introduced into the process by this procedure. Under these 
conditions the absolute readings were of little significance, and no significance is given 
them in this report, The movements of the light were followed by a manually oper- 
ated pointer whose movements were recorded by a connected stylus on the waxed ' 
paper of a polygraph. 


PRELIMINARY EXPERIMENTS (A anp B). 


At the outset of the investigation it was thought desirable 
to determine something concerning the characteristics of the 
patterning index by trying it out first in a strictly unpatterned 
Situation. It was suspected in advance that factors other 
than patterning might influence the magnitude of the index. 
For example, the denominator (Riz») presumably represents a 
Physiological summation of the excitatory potentials of the 
light and the vibrator, Now, on the plausible assumption ' 
| that two excitatory potentials will summate physiologically 
| to produce this reaction more or less according to the so-called 
growth or exponential function? the physiological sum of two 


- Such potentials would be considerably less than their arith- 
* An example of such a function is the following: 
Ri= A— A*s 
Where S represents the number of units of stimulation, 4 represents the physiological 
1 limit of reaction amplitude, e is a mathematical constant, and / is an empirical con- 


Stant. Peak (5) and Hovland (2) among others have shown summation effects of this 
general nature, 
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metical sum—specifically, 


Rus = Rio RA б 


where 4 is the physiological limit (4). It may be shown from 
this equation that the patterning ratio, quite apart from any 
patterning whatever, will diminish as the values of R; and R, 
diminish with respect to the value of the physiological limit 
(4). Thus, suppose that originally R; = 6, R, = 9, and 
A = то. Suppose, further, that through a process of sys- 
tematic experimental extinction without patterning, the values 
were diminished until R; = 2 and R, = 3. Substituting the 
original set of values in equation (2), we have, 


Ru, =6+9 -5- 9.6. 


Substituting the 9.6 in formula (1), we have as the original 
index, 
6+ 


"eT 1.56. 


Taking, now, the extinction values and substituting them in 
equation (2), we have, 


6 
Rus atg r5 = 4.4. 


Substituting the 4.4 in formula (1) we have as the index after 
extinction, 
2+ 
44 
This diminution in the value of the index from 1.56 to 1.14 
thus represents an artifact and not any increase in the extent 
of patterning. 


З 1.14. 


Experiment А. The Influence of the Impartial Extinction of 
Unpatterned Stimuli on the Pattern Index 

In order to test this hypothesis and at the same time find 

out something of the size of the ratio for quite unpatterned 

stimuli, an experiment was set up in which the stimuli were 

not conditioned at all but were merely ‘sensitized.’ This was 

done by simply shocking the subjects 20 times in the apparatus 
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on the first day at about 2-minute intervals. The four follow- 
ing days were test days during which the light, the vibrator, 
and the combination of light and vibrator together were pre- 
sented in double fatigue order a number of times with an equal 
number of mere shocks interspersed among the test trials. 
Under these conditions both the light and the vibrator, as 
well as the combination, evoked fairly vigorous sensitization 
reactions, or ‘alpha’ conditioned reactions as they are some- 
times called (3, p. 431). Eight subjects were employed. 

The detailed stimulation sequences employed in this ex- 
periment for the several subjects were as follows: 


Key to symbols 
L — reinforcement of light alone. 
V = reinforcement of vibrator alone. 
C — reinforcement of compound stimulus (light and vi- 
brator presented simultaneously). 
1 = unreinforced presentation of light. 
? = unreinforced presentation of vibrator. 
¢ = unreinforced presentation of compound. 
S = presentation of shock alone. 


Subjects 1, 2, 3, and 4 


Il 


Sensitization Day суре SSSSSSSSSSSSSSSSSSSS 
Test day I SSSS cloc SSSS occl 
BT SSSS ресі SSSS cloc 
cites TT, SSSS cloc SSSS vecl 
mc y SSSS veel SSSS clc 
Subjects 5, 6, 7, and 8 
Sensitization Day ae ey wets SSSSSSSSSSSSSSSSSSSS 
Test day I SSSS vccl SSSS cole 
SENSIT SSSS cole SSSS veel 
Sosa d SSSS vccl SSSS сос 
Т 5555 cole SSSS scc 


The combination of c / v c of Test Day I of Subjects 1, 2, 3, and 
4 is what was spoken of above as a test cycle. 

The indices for the four test days from the pooled results 
are shown in Fig. 15 There it is seen that the index begins 

"This pooling was performed as follows: The mean amplitude score was com- 
puted for each subject for v, /, and c separately. From these means a mean for the 
group as a whole was computed for v, for l, and for c respectively. From these latter 
means an index value was computed by substituting the three means in formula т. 
This general Procedure was followed in the determination of all the index values 
appearing in all the graphic"representations contained in the present report. 
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at 2.29 on Test Day I, and falls to a value of 1.36 on Test Day 
IV. "This is exactly in line with theoretical expectation, since 
the progressive extinction which, incidentally, came at regular 
intervals easily anticipated by the subjects, would almost 
certainly reduce the galvanic reactions through the four test 


25 


1 2 3 4 
SUCCESSIVE TEST DAYS 


Fic. 1. Graph showing the ratio (Ry + Ry) + Rize for galvanic skin reactions 
evoked by strictly unpatterned stimuli as the reactions involved are undergoing experi- 
mental extinction (Experiment A). 


days. The mean index of the first two test days was found to 
be 23 percent greater than that of the second two test days. 
The critical ratio of the difference to its standard error, 
neglecting correlation, was, however, only .97.4 


* Іп an attempt to secure some rough indication of the dependability of the differ- 
ences between certain contrasting index values secured in the manner described in 
footnote 3, the following procedure was employed: Separate indices were computed 
for each subject from the means of his 7, l-, and c-amplitude scores; the means of these 
indices, the standard errors of these means, and the standard error of the differences 
between such contrasted means were then computed, n — І being used in the com- 
putation of the standard errors, Where correlation coefficients were involved they 
were found to be small and erratic; they were disregarded in the computation of the 
standard error of differences between means. Tn general the distribution of the indices 
of individual subjects showed as much indication of normality to inspection as usually 
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We may note also that the index under these conditions 
begins at about its maximum, which according to our present 
understanding cannot, except through sampling errors, exceed 
a value of 2.00. According to the same understanding the 
index, except as patterning enters the situation, cannot fall 
below 1.00. 


Experiment B. The Influence of Differential Reinforcement 
During the Process of Testing on the Pattern 1. ndex 


In this experiment on the first day there were given at 
about 2-minute intervals, 10 reinforcements of the light and, 
after a 10-minute pause, IO reinforcements of the vibrator. 
The following four days were given over to combined rein- 
forcement and testing the three elements in the situation; each 
day in balanced order the light and the vibrator were each 
reinforced 4 times, the light and the vibrator were each tested 
twice, and the stimulus complex was tested 4 times, all tests 
of course without reinforcement. Thus, incidental to the 
testing process, differential reinforcement was given the com- 
ponents as against the stimulus complex. The various factors 
in the situation were balanced with care by the same type of 
procedures shown in detail in the description of Experiment A. 
Eight subjects were employed; they were divided into four 
groups. | 

The values of the index are shown graphically in Fig. 2. 
There is a suggestion of a rise in the index as the testing pro- 
Bresses, though this is not consistent. In this connection it is 
to be noticed that at the beginning of the testing period there 
has been no differential reinforcement but that during the 
Process of testing differential reinforcement is given. And : 
Since this is a reinforcement of the components, the index 
Should rise unless over-ridden by the tendency, already noted, 
for the index to diminish during testing. Pooling the first 
and the second two days in order to secure larger statistical 


vid shown by similarly small samples of ordinary data. However, because of the 
Suspicion with which statisticians usually regard means of ratios, the statistical relia- 


bilities contained in this paper may be disregarded by those readers who share this 
suspicion, ` 
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samples, it was found that the mean index of the second two 
days was Io percent greater than that of the first two days. 
The critical ratio of this difference to its standard error was, 
however, only .61. Nevertheless, there is a suggestion in the 


1 2 3 4 
SUCCESSIVE TEST DAYS 


Fic. 2. The value of the ratio (Ri + Rs) + Rize for the galvanic skin reaction 
evoked by stimuli where the components of the complex are reinforced during the 
Process of testing but the stimulus complex as a whole has not been so reinforced 


(Experiment B). 


graph that the patterning resulting from the differential rein- 
forcement incidental to the testing process has been dominant 
over any weakening tendency to reduce the ratio noticed in the 
preceding experiment. 


INFLUENCE ON THE INDEX oF CONTRASTED PATTERNING BY 
DIFFERENTIAL REINFORCEMENT (C anv D) 


The problem of this portion of the investigation was to 
study the effect of differential reinforcement of a stimulus 


complex upon the patterning index, mus . Since no de- 
е +» 


pendable standard or norm for a zero amount of patterning is 
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known, it was decided to run two groups of subjects in which 
the direction of the patterning training was reversed so that 
each, in a sense, might serve as a control experiment for the 
other. 


Experiment C. Stimulus Complex Differentially Reinforced 

Procedure ——In this experiment the compound stimulus 
(1 + о) was reinforced ro times at random for each of four 
days. Among these reinforcements occurred the pre-ar- 
ranged random unreinforced presentations of 10 light stimuli 
and ro vibrator stimuli. The fifth, sixth, and seventh days 
were given over to testing the relative strength of the three 
types of stimuli with no reinforcements whatever; i.e., each 
day the light, the vibrator, and the combination of light and 
vibrator were each presented 12 times in a balanced order, all 
without reinforcement exactly as in Experiment A. Eight 
subjects were employed. 


Experiment D. Stimulus Components Differentially 
Reinforced 
Procedure.—In this experiment the first four days were 
devoted to the reinforcement of the light and the vibrator, 5 
times each. Interspersed among these reinforcements in a 
pre-arranged random order were 20 unreinforced presentations 
of the stimulus complex consisting of the simultaneous pres- 
entation of the light and the buzzer. The three following days 
were devoted to testing the strength of the three types of 
stimulation exactly as in Experiment А; i.¢., without reinforce- 
ment to any of them. The various factors likely to cause 
Constant errors were balanced with care in Experiments C 
and D by methods analogous to those described in detail for 
Experiment A. 
REsuLTs 


The contrasting results of these two experiments are pre- 
sented in Fig. з. There it may be seen that in spite of some 
inconsistency there is a fairly marked tendency for Experiment 
C, where the stimulus complex received differential reinforce- 
ment, to manifest a lower index value than that of Experiment 
D, where the stimulus components received differential rein- 
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forcement, exactly as the principle of differential reinforcement 
would lead us to expect. In order to secure an indication of 
the statistical reliability of the difference suggested by this 
graph, the data for all three days were pooled and the mean. 
patterning index was found for each group. This revealed an 
index difference between the means of the two groups of 15 
percent, with a critical ratio, based on the standard error, of 
1.68; which means that there is only about one chance in 20 
that there is not a difference of some size in the direction here 
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Fic. 3. Graphs showing the ratio (R; + Ry) + Rip» for two situations, patterned 
by differential reinforcement, one in which the components were systematically rein- 
forced and the combination systematically extinguished, and the other in which this 
Process was reversed (Experiments C and D). 


indicated. There is thus a fairly clear indication of patterning 
as a result of the differential reinforcement here employed, 
though it is a little surprising that it is not more marked. 
Because these test days were not complicated by any rein- 
forcement whatever, they offer an opportunity for the pattern- 
ing index to manifest the fall to be expected on theoretical 
grounds and suggested by Preliminary Experiment A. Ac 
cordingly the results of both groups of subjects were pooled 
for the first 18 stimulations, and separately for the second 18) 
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stimulations of each test day. The results of this arrangement 
of the data are shown in Fig. 4. There it may be seen that 
despite some inconsistencies there is a marked suggestion for 
the second half of the stimulations of each day to give the 
smaller index, quite as expected. A pooling of all three days 
reveals a mean difference of 8 percent with a critical ratio, 


2.5 


2.0 


RATIO (Ri * R) Ru, 


аә FIRST 18 STIMULATIONS 
5] o-—-e SECOND 18 STIMULATIONS 


l 2 3 


SUCCESSIVE TEST DAYS 


Го, 4. Comparative values of the ratio (Ri + Ry) + Rio for the first and 
second 18 stimulations on each testing day. The onset of experimental extinction 
presumably accounts for the lowered ratio values at the second 18 stimulations (Ex- 
Periments C and D), 


based on the standard error, of 1.09. This means that there 


18 а chance of a little less than 9 in 10 that the difference 
Observed is genuine. However, these results, with the support 
of the independent evidence of Preliminary Experiment A, 
8ive a support to the hypothesis definitely in excess of the 
Statistical reliability shown by either study separately. 


Dors SPONTANEOUS PATTERNING. Occur IN 
ORDINARY CONDITIONING? 
It is a matter of very considerable biological importance 
whether or not complex conditioned stimuli become patterned 
to a certain extent by the ordinary process of conditioning 
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when no differential reinforcement occurs. This problem gave 
rise to Experiment E. 


Experiment E. The Influence of Intensive Conditioning of the 
Stimulus Complex Without Differential Reinforcement 


This is the most elaborate experiment of the series, extend- 
ing over a period of 19 experimental periods. The procedure 
was, first, to condition the subjects to the stimulus complex by 
20 reinforcements on Day I, and to test on each of the next 
four days the reaction amplitude evoked by the light and the 
vibrator twice each and the stimulus complex four times, 14 
reinforcements of the complex being distributed symmetrically 
throughout the period. Four test days for one of the typical 
groups of subjects were as follows: 


Test day I OOOO St OCG be сес co CCC VC 
Мб Тү CCCCC vc ССС. cv ССС 1с ССС cl 
ME LET СЕСЕ CO C rc CCC cl» CCC He 
Phe LV GOGOGCODUSQGG oL CCC.vc CCC AGH 


Then followed 10 days of uninterrupted reinforcement of the 
stimulus complex as on Day I, in the hope that it might pro- 
duce some spontaneous patterning. In order to test for this 
possibility the 10 days of intensive conditioning of the stimulus 
complex were followed by 4 more days exactly like Test Days 
I to IV already described. 

The results of this experiment are shown graphically in 
Fig. 5. There it may be seen at a glance that the now familiar 
downward tendency of the index, with continued testing and 
its incidental extinction effects, appears in both pre- and post- 
training test days. By pooling the results of the first and 
second two days it was determined that the mean of the first 
two days was 12 percent greater than that of the second. 
The ratio of this difference to its standard error, neglecting 
correlation, was found to be 1.62, 

Secondly, it is evident that post-training tests yield values, 
upon the whole, higher than do the pre-training tests. This, of 
course, is exactly opposite what would be produced by any 
Spontaneous patterning which might result from the то days of 
intensive conditioning of the stimulus complex. By pooling 
the data from the first four test days and those from the second 
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four test days separately, it was found that the mean of the 
first test days exceeded that of the second test days by 13 
percent. The ratio of this difference to its standard error 
is 1.83. 

This raises the question as to why this observed result 
should have occurred, because something more than mere 
failure of spontaneous patterning would be required to produce 
such an effect. The statistical reliability of the difference 
found shows that it may have resulted from mere limitation 
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Fic. 5. Graph showing comparative values of the ratio (Ri + R,) + Кы for 
galvanic skin reaction from tests preceding and following 10 days of intensive con- 
ditioning without differential reinforcement (Experiment E). 


of the data sample. However, it is to be expected that the 
extinction incidental to the testing would influence the rela- 
tively weakly reinforced excitatory potentials involved during 
the first tests, more than those resulting from 10 additional 
days of reinforcement. This may account for the generally 
lower position of the values obtained on the first group of 4 
testing days. It is possible, of course, that this factor may 
have obscured a tendency to patterning even on the net 
testing day. If so the tendency to spontaneous patterning 
must have been weak. 
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Summary AND CONCLUSIONS 


An explorational investigation of the process of patterning 
stimuli conditioned to the galvanic skin reaction in man has 
been carried out involving five experiments and 40 subjects. 
The two most conspicuous outcomes emerging from the in- 
vestigation are the small amount of patterning of the galvanic 
skin reaction in man which results from specific Pavlovian 
differential reinforcement, and the instability of the index 
AA - It is possible that autonomically controlled reac- 
tions such as the G.S.R. are not so readily conditioned specifi- 
cally to patterns as is behavior involving the striated muscles. | 
There is need for a determination of the progress of stimulus 
patterning in free animal behavior uncomplicated by the 
presence of accessory symbolic (speech) behavior. 

But before effective research can be conducted in this field, 
an index of patterning must be devised which is not subject 
to the gross distortions characteristic of к as shown by 

+v 
the present investigation. The present index may fall ap- 
proximately to a value of 1.00 from mere feeble conditioning, 
or from extinction effects. Values between 1.00 and zero may 
thus serve as indicators of gross patterning effects, but weaker 
effects are undetectable and stronger effects are quantitatively 
distorted. 

A possible means of correcting for this distortion of the 
index here employed is suggested: 


1. Condition a sizable group of subjects to the two com- 
ponents of a compound stimulus, measuring the absolute am- 
plitude of their conditioned reactions to the components sepa- 
'rately and to the compound stimulus, at several stages of both 
the conditioning and the subsequent extinction process. 

2. From these data compute the ratio of the mean ampli- 
tude of reaction of the stimulus component evoking the larger 
Teaction, to that evoked by the other component. Let this 
ratio be represented by B, in which case B > т. 

3. From these same data compute the value of 4, the 
presumptive physiological limit, at a number of different stages 


we 
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of training and extinction by means of equation (2) above, 
which now takes the form, ? 


Rip jar (3) 


' If the 4-values so computed should vary systematically in 


some direction the indication would be that equation (2), as 
well as the exponential equation shown in footnote 2 from 
which equation (2) is derived, does not represent the situation 
and others should be tried until one is found which gives con- 
stant values for 4 within the limits of experimental error. 


4. Then, with several sizable additional squads of subjects, + 


proceed to set up a variety of learning situations in which 
patterning is suspected to occur, using as the index of pattern- 
ing the revised formula, 

where R, and R, are empirical values obtained from the data 
suspected of being patterned. Rj’ and R,’, on the other hand, 
are values corresponding to №, and R, respectively, but com- 
puted from the empirical Ri» of the same situation suspected 
of being patterned. 

The derivation of the Ry’ and the R,’ is as follows: 


Let x = the component whose reaction has the larger 
amplitude, and Bx = the component whose reaction has the 
smaller amplitude. Substituting these values in equation (2); 
we have, 

x(Bx 
Rus =x + Вх — х8) . 
Clearing of fractions and collecting terms, we have the 
quadratic expression, У 


В — «А1 + B) + ARus = 0. (5) 
From this equation may be obtained the amplitude value of 
both components (В, and R,’), since the values of both 4 and 


B were determined by the first portion of the experiment and 
that of Riz» by the situation suspected of having its stimuli 
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patterned. We now have all the data necessary to substitute 
in the revised pattern formula (4). This formula should, 
within the limits of experimental error, yield a value of 1.00 
for unpatterned situations and any deviations from this not 
due to sampling limitations should indicate some form of 
patterning. Unfortunately, because of the relative nature of 
the data, the above formulae cannot be applied to the results 
of the present investigation. 


(Manuscript received January 22, 1940) 
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THE EFFECTS OF INTRODUCING IDEATIONAL 
ELEMENTS IN PERCEPTUAL-MOTOR 
LEARNING? 


BY HERMANN F. BUEGEL 
University of North Dakota 


INTRODUCTION 


Comparatively little experimental work has been done 
toward determining the effect of ideational elements in the 
context of a patterned motor performance during the learning 
process. Whereas the effect of various forms of motor articu- 
lation upon the learning of ideational material has been fre- 
quently investigated, it is comparatively more difficult to find 
studies that have been designed particularly for the purpose 

* of answering the question: Cana patterned motor performance 
be learned as economically without the aid of ideational ele- 
ments, or when these have been reduced to a minimum, as 
when such ideational elements are present in the context of 
the motor pattern to be learned? 

A study by Warden (то) seems to: be one of the earliest to 
have any bearing on the problem. Having analyzed the 
methods of learning used by his subjects, he reports that “the 
word reaction method proved by far the most economical 
employed, requiring on the average less than one-fourth as 
many trials for complete mastery as the motor reaction 
method, and approximately one-half as many trials as the so- 
called visual imagery method." Husband (6), comparing the 
Same methods in a maze learning experiment found that the 
motor method was inefficient whereas the counting method 
was the most superior. Lambert and Ewert (7) showed that 
increasing the instructions resulted in greater efficiency of 
learning the Stylus maze. 

| The frequently quoted results of the studies by McGeoch 

| and Melton (9) and again by McGeoch (8) on the relative 


А .. " Subject for doctorate thesis at the University of North Dakota under the direc- 
1 Чоп of Dr. С. W. Telford. 
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retention values of motor and ideational materials do not 


"apply here directly since their use of the saving scores made it 


unnecessary for them to use equally difficult materials. Like- 
wise the related study of Freeman and Abernethy (2) has no 
direct application to the present study because ideational 
elements seem to have been present in both of their learning 
contexts. Nevertheless the results of this study should havea 
bearing on their conclusions. ; 

Among the more recent studies on the effect of ideational 
context on motor learning is one by Davis (х). He found that 
the learning of the serial-verbal and the visual-image subjects 
was superior to that of the kinesthetic-tactual. Honzik (5) 
concluded that “learning on the basis of kinesthesis alone is 
impossible and unnecessary although well-learned motor 
habits may have incorporated a large kinesthetic element 
which seems to be essential to the smooth running of a move- 
ment pattern.” Не states, however, that this function of 
kinesthesis is assumed only after learning has begun in con- 
junction with other classes of stimulation. Probably the most 
recent and the last studies reported are those by Hilgard and 
Humphreys (4) and Hilgard, Campbell and Sears (3) who have 
found that verbalization is an aid in learning to make dis- 
criminatory responses in conditioning. 

The importance of these studies becomes evident when one 
considers the potential effect of various types of imagery, 
symbolization and verbalization on the acquisition of labora- 
tory techniques and skills. The problem isolated for investi- 
gation here is to study the effect of introducing three different 
simple ideational elements in the learning of a comparatively 
simple patterned motor performance. The task consisted of 
learning to light a series of twelve lights under four conditions? 
(1) When no extraneous ideational elements were associated 
with the lights and when perceptual elements, it was hoped, 
were kept at a minimum; (2) when digits, т 2 3 4 5 6, corre- 
sponding with the position of the lights were presented with 
the lights; (3) when a related series of letters, A B CD EF, in 


corresponding order was presented with the lights; (4) when -— 


an unrelated series of letters, B Q R F L Z, was presented with 
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each light. For the sake of brevity, these conditions will 
hereafter be designated as Blk (blank), 1-2, AB, and BQ. 
Care was exercised to make the motor response patterns as 
simple as possible so that the perceptual element might be at a* 
minimum during the Blk condition. A further precaution 
was to develop through preliminary experimentation four 
motor response patterns that would be of approximately equal 
difficulty. 


APPARATUS AND PROCEDURE 


The nature of the experiment required an exposure apparatus on which four 
serial motor problems with a variation in ideational context could be presented, learned 
and reproduced. 

"The essential and principal piece of apparatus, therefore, consisted of a box 
divided into six compartments. Each compartment contained one six-volt bulb. 
A three-quarter inch hole had been drilled directly above each light in the top of the 
box. A groove cut the entire length of the box permitted a strip of glass to be placed 
over these openings and to be slid across them longitudinally. The glass was ground 
on the under surface, but left smooth on top where the ideational materials had been 
painted, A board which held the glass in its groove also served to cover the materials 
that were not to be exposed at any particular time. The strip of glass could be moved 
into any one of four positions shown in Fig. 1. 


Contacts for experímenter 
(rear) 


(f) €) G2 () G2 G2 


(a) 


Contacts for sub ject 


“LO OODOOT 


Fic. 1, Top view of exposure apparatus with (a) blank context, Blk; (b) unrelated 
letters, BQ; (c) related letters, AB; (2) digits, 1-2. 


The positions of the two separate sets of contact points through which the lamps " 
Were lighted by the experimenter and the subject respectively from the rear and from 
the front of the box are also indicated in Fig. 1. The subject’s performance consisted 
m lighting the lamps in the order given by the experimenter through touching these 
contact points with a stylus held in the subject's preferred hand. 
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А seven-pen polygraph was used to insure accuracy in counting the number of 
trials and the time required by the subject. Since six of the pens were wired in parallel 
with the lamps, the order of the individual lamps lighted by either experimenter or 
subject were also recorded, thus indicating the errors. The seventh pen was operated 
electrically through a pendulum and recorded time intervals in seconds. 

The experimenter made individual appointments with subjects. The subject was 
conducted into an individual laboratory and seated in front of the exposure apparatus 
placed on a typewriting table. He was given the stylus and instructed how to light 
the lamps. He was then given a short practice series consisting of four series of five 
items each. During the practice series the independent variables were rotated in the 
same order in which they were to be used for that particular subject. The stimuli 
were presented at a constant rate of one per second and the duration of each stimulus 
presented was approximately one half of a second. 

The serial exposure method of learning was used: the experimenter repeated the 
serial order in which the lamps were to be lighted and the subject attempted to repro- 
duce this order after each presentation. The patterned motor response was considered 
learned when the subject was able to light the series of lamps correctly three times in 
succession without error. 

Each series consisted of twelve items. Four such series had been designed by 
using some of the six lamps consecutively. Preliminary experimentation resulted in 
the construction of such series which showed no significant difference in difficulty. 
Space will not allow a description of these new series in detail. The use of four such 
series with each subject permitted the learning of one under each of the Blk, 1-2, AB, 
and BQ conditions. Since four series include 24 permutations, 48 subjects selected at 


random from a class in general psychology were used so that the four series were _ 


rotated altogether twice. Furthermore, the Blk, 1-2, AB, and BQ contexts were 
rotated against the four different series. 

Incidental data obtained with the last twenty-four subjects consisted (1) of 
measuring the retention values of the various materials by the relearning method 
immediately after each subject had met the learning criterion, (2) of giving five speed 
tests to each subject, and (3) of obtaining a report from the subject on which method 
they preferred for learning and which method they used during the speed test. 


Resutts AND Discussion 


The results of the experiment are discussed under the fol- 
lowing topics: (1) order of the conditions of exposure from the 
most advantageous to the least; (2) the average number of 
errors per response, the average length of trials, and the aver- 
age number of seconds per error under each of the learning 
conditions. : 

An examination of the means and simple index numbers in 
Table I indicates that the order of the materials from the 


' most advantageous to the least is 1-2, BQ, AB, and Blk. 


TThis comparison shows that the patterned motor performance 
was most readily learned with the digits and least readily with 
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the blank spaces over the lights. Furthermore, the means 
agree in the order named with respect to trials, time and errors. 
The index numbers tend to emphasize the extent of this agree- 
ment and to facilitate the making of these comparisons. 
With 1-2 being the most favorable condition for learning 
and Blk the least, it is of interest to note that the unrelated 
letters compare almost equally favorably with the digits. 
There is a surprisingly close correspondence between the means 
of the variables 1-2 and BQ with respect to all three criteria, 
trials, time and errors. In view of this, the contrast between 


TABLE I ў 
ARRANGEMENT or Types or MATERIAL FROM Most ADVANTAGEOUS TO LEAST 


Advantage from Most 


Types 1-2 


* PE = .6745 o| VN. 


these two ideational elements and Blk, in which the ideational 
elements were reduced to a minimum, is all the more notice- 
‘able. The means for trials in 1-2 and BQ were 4:5 and 4.7 
respectively whereas the mean for Blk is 7.0. Corresponding 
differences are to be seen in the means for time and errors. 
The mean differences are summarized in Table I. Only 
two reliable differences by the criterion of four times the 
probable error occur, namely, between Blk on the one hand 
and the two most effective ideational forms, BQ and 1-2, on 
the other. ‘These differences are reliable with respect to trials, 
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time and errors. A comparison of the most favorable of the 
ideational materials, BQ and 1—2, shows no reliable difference 
on the basis of the same criteria of learning. 

'The introduction of the AB element during the learning 
process resulted in a mean which lies approximately at one- 
third of the distance between the means from 1-2 to Blk. 
Thus, the mean of 5.6 for the number of trials with the AB 
material occupies roughly a two-sevenths position of this dis- 
tance while the means for AB with respect to time and errors 


TABLE II 


Mean DIFFERENCES AND PROBABILITY THAT TRUE DIFFERENCES Are GREATER 
THAN ZERO 


- Comparisons: Blk-12 12-AB 12-BQ АВ-ВО 
Most Advantageous: 1-2 1-2 1-2 во 
Trials: 
D. 2.5 LI 0.2 0.9 
PEp* 945 0.36 0.25 0.37 
CR:DJ|PEp...| 5. 3.1 o.8 2.4 
Probability... 1.00 98 л 95 


* PEp = ҮРЕ. + PE a. 


occupy approximately a three-fifths and a one-third position 
respectively. Hence it would seem that learning with the 
AB material exposed over the lights more nearly resembles 
that of the other two ideational forms, 1-2 and BQ, than it 
does that of the Blk. 

The AB mean shows no clearly defined position between 
those of either of the above extremes. There is no reliable 
difference between AB and Blk on the one hand, nor between 
AB and the other two ideational elements, 1-2 and BQ, on 
the other. Nevertheless, the difference between Blk and AB 
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in terms of trials, time and errors is always greater than the 
difference between AB and either one of the remaining idea- 
tional forms. In other words, the difference between Blk and 
all of the ideational forms is always greater than the intra- 
differences between any ideational forms, and when Blk is 
compared with the most advantageous of the ideational aids, 
there is a statistically reliable difference. 

The question of why the related letters, AB, did not func- 
tion equally well as ideational aids must be left unanswered at 
the present. The author knows of no experimental evidence 
which would satisfactorily account for the apparent difficulty. 
that some subjects experienced when this ideational material 
was presented during the learning process. 

From the foregoing observations it would seem safe to 
generalize that it takes longer to learn a patterned motor per- 
formance when ideational elements have been reduced to a 
minimum. The introduction of ideational elements, there- 
fore, facilitates learning at least in the early stages of the learn- 
ing process. This is in general agreement with all of the re- 
sults cited in the introductory section although the experi- 
mental procedures used in the present study were indepen- 
dently designed in order to emphasize particularly the in- 
fluence of relatively simple and controlled ideational contexts 
in what was thought to be also a relatively simple motor 
pattern. 

Before continuing with further analysis, it should be stated 
that this generalization appears to have some bearing on the 
problems of relative retention of motor and ideational learning 
studied by McGeoch (8) and Freeman and Abernethy (2). 
The results of the present study support McGeoch's conten- 
tion that motor habits not only require more trials for learning 
but also are more time consuming and more subject to errors. 
Since in the experiment of this study, four comparable pat- 
terned motor performances were learned under three ideational 
and one minimum-ideational condition, there can be little 
Question as to the greater number of trials and time that sub- 
Jects require and the greater amount of practice they receive 
during the learning process with the latter. In a later section 
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an attempt will be made to show that this greater amount of 
practice is probably due to the initial greater number of errors, 

Measurements of retention for immediate recall showed 
that the largest saving score, 39, was obtained with the Blk. . 
The saving scores for AB, BQ, and 1-2 in corresponding order 
are 35, 30,23. It will be noticed that the advantage indicated 
by the saving scores is altogether the inverse of that in learning, 
Although the differences in saving scores are seemingly small, 
the inverse order of these scores lends support to the conten- 
tion that relative retention is a function of practice. Since 
this experiment was originally planned to test the relative 
difficulty of learning under the conditions named, it was impos- 
sible to obtain: data on delayed recall. 

Before closing this section, it should be mentioned that 
among nineteen subjects who reported the method of learning 
they preferred, 47 per cent preferred the 1-2 condition, 26 
per cent the AB, 11 per cent the BQ and 16 per cent the Blk. 
There is agreement between the preferences shown by subjects 
with regard to the 1-2 and Blk condition. Yet there is à 
general discrepancy between their choices and the method by 
which they actually did learn most effectively. This is indi- 
cated in the original data omitted here for lack of space. In 
this connection it is also to be recalled that experimentally 
there was no choice between the introduction of the unrelated 
letters and the digits as optional conditions forlearning. Both 
of them facilitated learning to an approximately equal degree. 
Yet the subjects did not show this in the preferences stated 
by them. As a matter of fact AB was the second most pre- 
ferred form although it did not function as advantageously as 
did the BQ material. Itis apparent that subjects failed here 
to recognize their most effective methods of learning. f 

Finally it might be said that exceptions occurred in the 
matter of best learning. While there are probably some in- 
trinsic factors present in the materials which would account for 
the advantages of one method over the other, these alone аге 
not the only factors. As a matter of fact, 9 per cent of the 
48 subjects learned most readily by the ВІК method, 24 percent — 
by the AB method, 31 per cent by the 1-2 method and 36: 


Е 
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per cent by the BQ method. In another analysis of data 

— omitted here, it was shown that if the number of trials were 
limited to two, one could expect 21 per cent and 15 per cent of 
the subjects to have completed their learning respectively 
"under the 1-2 and AB conditions whereas only 6 per cent would 
—— have completed their learning under each of the other methods, 
— Blk and BQ. But if the trials were limited to 8 trials, 96 
_ рег cent would have completed their learning by the BQ 
method, до per cent by the AB method and the 1-2 method and 
179 per cent by the Blk. In ten trials 100 per cent would have 
— learned by the BQ method, 96 per cent by the 1-2 method, 
_ 92 per cent by the AB method and 88 per cent by the method of 
— Blk. A similar analysis of errors and time gave comparable 
© results. This would caution us to interpret the means given 
_ in Table I with some leniency and prevent us from assuming 
7 that there are only intrinsic factors of materials. That is to 
say, while the materials themselves may result in differences, 
these differences are perhaps minimized through the previous 


1 

_ factors of the patterned motor performance. 

a Regarding learning habits, there are two interesting types 

_ of reports made by several subjects. One of them is that in 
— trying to learn the Blk, a few subjects tried to use some sort 

© of numbering or alphabetical system, or even looked at the 


—1, 1, 2,3. These subjects report that it seemed difficult to 


» after they had become confused, they finally learned them by 
| “position” without reference to any ideational system. The 
other is that in attempting to do the motor patterns as fast 
as possible, many of them reported “not thinking” of the 
ideational materials associated with the patterns and having 
discarded them. Instead they just “felt a sort of rhythm” in 
the pattern. This would seem to indicate that the intrinsic 
imagery in learning motor habits is probably some sort of 
thythmical-spatial imagery (possibly the kinesthetic-tactual 
Method of Davis, 1) without visual imagery. As such, this 
“Might be assumed to be an intrinsic factor in the pattern of 


learning habits of the subjects as well as possible intrinsic. 


4 center of the lights and tried to remember them as —3, 72; ( 


associate their ideational aids in some such manner and that . 
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the motor performance itself to be distinguished from intrinsic 
factors in the accompanying ideational materials. Perhaps 
this is equivalent to writing a definition of *myothesis" or 


so-called imageless thought, as well as the neurological engram * 


concept. 

There are three other interesting comparisons that can be 
obtained from Table I: (1) the average number of errors per 
response, (2) the average length of trial, and (3) the average 
number of seconds per error. These findings are summarized 
in Table III. 

The average number of errors per trial is practically the 
same under all conditions, being 4.7 for both 1-2 and BQ, 4.6 
for AB, and 4.9 for Blk. The greatest number of errors oc- 
curred with Blk. "That a greater number of errors did occur 
under the Blk condition seems less important at the moment 


TABLE III 
Errors rer Response (E/R), LENGTH or RESPONSE (А), Seconps per Error (T/E) 
re A i vcf rae адн 


than the fact that the relationship between the average num- 
ber of errors and the average number of trials is fairly constant. 
On the basis of this approximately constant relationship, one 
might assume that learning, at least when defined as the 
elimination of errors and integration of correct habits, proceeds 
equally effectively under all four conditions and that the num- 
ber of trials is merely a function of the number of initial errors 
under each of the different conditions of learning. This 
sequence of effects with its bearing on the problem of relative 
retention has already been suggested. 

From Table III it is also seen that the average length of 
trials is shorter for Blk than for any of the ideational forms. 
Since the average length of trials is the quotient, mean of 
time/mean of trials, the average length of the саа сап Бе 
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obtained by subtracting eleven seconds from the average 
length of the trials. This subtraction is necessary since eleven 
seconds represent the constant time of the stimulus presenta- 
tion. Table III shows that the shortest responses were made 
under Blk, namely 11.7 seconds, as compared with 12.0 
seconds for 1—2, 12.4 seconds for BQ, and 12.6 seconds for AB. 
All of the ideational materials resulted in lengthening the 
response time. Furthermore, whereas now the Blk requires 
the least time for response, the AB which likewise was some- 
what unfavorable as an optimal learning condition does not 
show this shift towards a reduction in time of response. 

In this connection, it was also shown that when subjects 
were required to perform as fast as possible the responses 
learned under Blk resulted in the most accurate as well as the 
fastest performance although differences were not statistically 
reliable. It is especially interesting that those ideational ele- 
ments, 1-2 and AB, which might be supposed to contain the 
greater associative values resulted in an apparent disadvantage 
with respect to rate and time of performance. These observa- 
tions in connection with the reports of a number of subjects 
that they “just went as fast as possible without thinking about 
letters or numbers” would lead one to speculate on just what 
the basic neural pattern might be in a highly efficient motor 
performance. The possible inference is that for most effective 
learning of a performance, the learning should be done in the 
manner of the final performance. 

Finally, if the average number of seconds per error can be 
used as an indicator of the rate of elimination of errors, Blk 
has the advantage since Blk shows an average of 4.68 seconds 
per error while all ideational elements show a lower rate. Cor- 
responding rates for 1-2, BQ, and AB are 5.10, 5.00, and 5.08° 
seconds per error. This would indicate that it required less 
time to eliminate errors under Blk than under any of the 
ideational forms. Under a separate section of this investiga- 
tion not presented in this article, analyses were made of the 
curves which ‘best fit’ when the decrease in aggregate errors 
was plotted against the accumulative time. This likewise 
showed that the rate of elimination of errors is highest for Blk. 
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It would seem that there are at least two reasonable inferences: 
(1) That the apparent learning difficulty under Blk lies in the 
initial liability to incur more errors, possibly because the sub- 
jects have had little experience in learning motor habits with- 
out the aid of specific ideational aids. (2) That, once the 
process of learning has begun, the rate of elimination of errors 
is likely to be greater with non-associational materials; so that 
(3) if the learning process is practiced beyond the first 
criterion of learning, the motor habits are likely to be more 
effectively overlearned without than with the inclusion of the 
associational materials. It is admitted that the last inference 
is a projection beyond the limiting boundaries of the data 
presented. Yet in view of the apparent better retention of 
motor learning, such a suggestion does not appear to be out 
of order. 


GENERAL SUMMARY AND CONCLUSIONS 


The specific problem studied was the effect of introducing 
three types of ideational contexts in the learning of a pat- 
terned motor response. Data were collected by recording the 
trials, time, and errors during the learning process. Inci- 
dentally measurements of immediate recall, time of five speed 
trials and subjective reports on methods of learning were also 
collected on twenty-four of the forty-eight subjects used. 

An analysis of the data suggests the following conclusions: 

1. The introduction of ideational contexts in the learning 
of a patterned motor performance results in a distinct ad- 
vantage at least during the initial stages of the learning pro- 
cess: (a) of the ideational contexts, the digits show the great- 
est advantage; (b) the unrelated letters show an advantage 
nearly equal to that of the digits; (c) the related letters show 
an advantage over the non-ideational material, but not as 
great as that of the digits or unrelated letters, ` i 

2. Reliable mean differences occur only between the mini- 
mum-ideational context and the most favorable of the idea- 
tional contexts, the digits and the unrelated letters. There 
are no significant differences shown between any of the idea- 
tional contexts, and the mean differences between the mini- 


PERCEPTUAL-MOTOR LEARNING £ 123 


mum-ideational context and any one of the ideational forms 
are always greater than the intradifferences between ideational 
contexts. 

3- When immediate recall is tested by the relearning . 
method, it is shown that the highest saving scores occur in 
inverse order to that of learning. 

4. Among individual subjects there are exceptions in the 
facility with which they learn under the different conditions, a 
small percentage of them learning as rapidly under the mini- 
mum-ideational contexts as others did with digits. 

5. Differences in the relative advantages appearing in the 
initial stages of the learning process tend to diminish when 
learning is continued until the responses can be performed with 
speed and accuracy. It would seem that the performance of 
a patterned motor performance can be repeated most effi- 
ciently when learned without the use of ideational contexts, 
that is, in the manner in which it will eventually be performed. 
The average response for Blk throughout the entire learning 
process is also shorter than for any of the ideational materials. 

6. Since the rate of elimination of errors seems to be ap- 
proximately the same under all conditions of learning, dif- 
ferences in learning time and trials probably are due to the 
initial number of errors incurred. No explanation for the 
differences in the number of errors incurred in the beginning 
can be given at this time, but it is suggested that these may be 
due to the previous learning habits of the subjects. 


(Manuscript received March 11, 1940) 
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INTRA-SERIAL EFFECTS IN THE DISCRIMINATION 
OF COLOR MASS BY THE RANKING METHOD 


BY B. R. PHILIP 
Fordham University 


Ranking, possibly the simplest of all psychometric meth- 
ods, has been used hitherto chiefly in studies of esthetics,’ 
attitudes, and of hand-writing, drawing, and other material 
the stimulus value of which is determined on a subjective, 
rather than on an objective or physical basis, as in the case of 
weights or sound intensities. Where large numbers of stimuli 
are simultaneously presented to Ss to be examined individually 
and repeatedly, and where numerous Ss must be tested, rank- 
ing is probably the most satisfactory method. Reliability and 
precision, comparable with that produced by other methods 
(e.g., the constant method), may later be obtained by scaling 
the rankings. 

The discrimination of color mass has been described before 
(т). Essentially it consists in determining the predominating 
color of a group of colored stimuli (generally dots all of the 
same size). After preliminary practice the determination of 
the predominating color can be quickly and confidently es- 
tablished even by children. 

The test material was printed in colors equated as closely 
as possible for brightness and saturation. As was pointed out 
in the previous paper perfect matches were not obtained; even 
if this had been done a number of factors, such as spacial in- 
duction, minuthesis, etc., would have disturbed the matching. 
The matches, however, were sufficiently good to give a graded 
series in each set of two hues, from a pronounced hue of one 
type, through equality, to a pronounced hue of the other type. 
As the stimuli may be graded to almost any extent of difficulty, 
material of this nature is excellent for psychophysical work. 
What is discriminated is not alone hue, nor brightness, nor 
saturation, but some combination of all three which appar- 
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ently is of a definite modality, and the perception of which is 
immediate, i.e., without intervening judgment processes. 


PROCEDURE 


Material.—The material consisted of a pack of 72 cards, on each of which were 
46 dots, one quarter of an inch in diameter, spaced one eighth of an inch apart, and 
randomly distributed according to the following scheme. Starting with 23 dots of 
one color, z.g., blue, and the remaining 13 dots of another color, ¢.g., green, the cards 
went down in sequence diminishing one dot of one color and inereasing one dot of the 
other color at a time, till there were 13 blue dots and 23 green dots on a card. Thus 
the entire pack was divided into six sets, of 12 cards each; and each set contained dots 
of only two colors. As four colors in all were used, blue (B), green (G), purple (P), 
and red (R), all possible combinations of these colors two at a time were used to make 
up the six sets. On the reverse side of each card was a code which gave the predomi- 
nating color and the number of dots of the predominating color. When the cards had 
been ranked, they were turned over to expose the code, and the ranking of each card 
was marked down on a tabulating sheet. 

Subjects —The Ss were 32 adult women. One complete trial of the six different 
color sets was taken each day for 25 consecutive days. In a few cases a day or two 
was skipped, but the total number of trials was the same. A limit of two minutes was 
set for each combination; and the entire test had to be completed within fifteen min- 

* utes, The time limit was set primarily to avoid undue fatigue and to make sure that 
the dots were estimated as a mass, and were not counted, No difficulty, however, was 
experienced on that score as Ss soon found out that the first prompt judgment based 
on the total effect was much more effective than any other mode of estimating the 
color mass. All tests were taken in daylight, at approximately the same time of the 
day, and under the same general background conditions. Some minor variations 
occurred on this score but possibly they were trivial in effect compared with the daily 
fluctuations over 25 days in the physical and mental conditions of Ss themselves. 

Insiructions.—The instructions were as follows: 

“This pack of 12 cards is to be arranged according to the amount of predominating 
color. Place the cards in two rows, the card with the most of one color (the specific 
color was named) to the left, graduating down to that with an equal number of dots 
of each color. In the second row place those cards with the greatest amount of — 
color (here the second of the color combination was named) to the left, down to the 
card that contains an equal amount of the two colors.” 

í ч It is best to work quickly. Pick out each card and place it in its approximate 
position in. the two rows. Check your judgment first from the maximum of one color 
to the maximum of the other color and back again.” 

‘The order of the sets for each test was as follows: Blue-purple, Red-green, Blue- 
red, Green-blue, Purple-red, and Green-purple. This order was not varied, and indi- 
cates not only the color combination but also which color was placed in the top row. 

As will be pointed out later the instructions were all important in determining 
the effect of certain factors in the test. Thus the placing of the cards in two rows 
instead of one (originally done for convenience in spreading them out on a table) was 
of prime importance from the standpoint of the end effect. It will be noted also that 

the psychophysical orientation given to Ss was that of the absolute method, rather 
than the relative method of comparison; i.e., Ss placed the cards in their approximate 
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positions on the basis of some absolute standard which they readily learned after the 
first trial or so. 

Scoring.—Scoring was done in two ways. Errors were scored whenever а card 
was placed in the wrong position; one error being credited for each position that the 
card was misplaced from the correct one. Thus if a 19 Blue card was placed in 21 
Blue position, two errors were counted. By summing up the errors made for each 
combination a score was obtained of the efficiency of every trial, and of the relative 
ability of each S. It also afforded an excellent means of telling when learning was 
complete, since a criterion of three successive errorless trials had been established for 
learning. From the scores made on successive trials the course of the learning could 
be plotted, and the difficulty of each color combination could be established. 

The second scoring method consisted in tabulating for every S, the frequency 
distributions of each card in every color combination. That is, a tabulation was made 
of the way each card was distributed in the various positions. Here the stress was 
laid on the discrimination of the individual card, rather than on the discrimination of 
the color combination. Thus the psychophysical variables, such as the point of sub=, 
jective equality (PSE), the time errors, the thresholds of discrimination, the precision 
and the skewness of the distributions could readily be ascertained. 


RESULTS 


Learning.—Learning was completed within the given num- 
ber of trials by 14 Ss, who averaged 16.8 trials to learn. This 
number did not vary greatly from one combination to the 
other. The average number of trials per quartile to complete 
learning was as follows: Qr, 13.0 trials; Q2, 22.0 trials; only a 
few Ss in Оз learned one or more combinations; no 5 in Q4 
completed the learning for any combination. 

Perfect scores, i.e. no errors, were credited to Ss for all 
trials beyond the point of learning (first three perfect trials). 
This was done for both scoring methods. In some cases Ss 
did make errors after learning had been achieved. In 776 
trials beyond the point of learning 238 errors were made out 
of a total of 16,946 errors in the complete investigation, about 
1.4 percent. Thus it is seen that no great distortion in the 
final results was caused by omitting errors beyond the point 
of learning. 

Intercorrelations —A table of intercorrelations (Table 1) 
was compiled from the correlations of the error scores for 
each combination, and reliabilities were computed by the 
split-half method. The correlations are all unusually high; 
the average correlation being 0.9284 and the average relia- 
bility, 0.917. They are to be explained in part by the fact 
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that in every series there were 25 trials; yet the correlations 
for the first and the second trials run about 0.5; naturally when 
25 trials are taken the correlations are stepped up considerably 
according to the Spearman-Brown prophecy formula. If we 
consider the six color combinations as forming one test, using 


TABLE 1 


INTERCORRELATIONS OF ERRORS Mave ох Сотов Сомвіхатіомз. (Metuop 1) 
Odd even reliabilities in parentheses. Р.Е. = 0.03-0.01. 


Combination PB RG BR GB PR GP 
PB (947) 912 882 893 915 933 
RG 912 (921) :904 927 938 333 
BR 882 904 (.898) :952 959 955 
GB 893 927 952 (871) 948 933 
PR O15 938 959 948 (999 :948 
GP :933 923 :955 |. 933 94 (.964) 


the average intercorrelation 0.9284 in the Spearman-Brown 
prophecy formula we find the reliability of the entire test to be 
0.987. Owing to the high reliability consistent results are 
obtained from which the time errors may be determined with 
some confidence. 

Difficulty According to Color of the Cards.—As was pre- 
viously explained an attempt was made to equate the colors 
for brightness and saturation. Even if the colors had been 
exactly equated, the varying amount of color and the random- 
ness of the grouping of the dots, causing variations in the 
relative effects of the photochromatic interval, minuthesis 
spacial induction, etc., would make for considerable Pubs 
in the apparent hue, saturation and brightness of the colors 
In addition there were minor variations in intensity, due to 
printing difficulties, т.е. it was technically difficult to keep the 
ink constant in amount foreach color on the cards. In general 
this has been fairly successfully done, as may be judged from 
Fig. 1 which gives the number of errors for each card, for all 
fourcolors. It will be remembered that since there EN fou 

. colors, six color combinations in all, each color was present а 
three times in the course of the testing, and was Бейш. à t 
on half of each set (six times in twelve stimuli). Е ai ihe 
figure it may be seen that Blue, Green and Purple are very 
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closely equal in difficulty, and Red is definitely easiest to 
judge. When the average number of errors’ made per half ` 
set of colors (i.e. on those halves in which the color predom- 
inates) are determined, they are respectively, Blue, 3.73, 


" —+——— RED 
AVERAGE. 
9 pem 2 i9. 18. 
^ COLOR“ SCALE 


Fic. 1. Average number of errors made at each position for the different colors. 
Ss = 32; Trials = 25. 


Purple, 3.72, Green, 3.69 and Red, 2.90. The relative ease of 
determining the Red color is not all due to the difference in 
brightness, etc., but possibly is chiefly due to the greater 
* Eindringlichkeit' of Red. The color stands out very clearly; 
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in fact it seems to the subject who has been judging for some 
time to stand out from the plane of the card. 

Difficulty According io Color Combination.—When the 
curves are plotted for errors made in each serial position 
(Cards, 23, 22, 21, etc.) for all the six color combinations, the 
form of the curve is the same, though all combinations are not 
equal in difficulty. The variation in difficulty is well shown 
‘by the average number of errors made per trial for each color 
combination. They are as follows: 

BP GB GP PR RG BR 
8.42 8.13, 7-33 6.48 5.96 5.82 
This order of difficulty holds not only for all the Ss of the 
group when averaged, but also for each quartile with the ex- 
ception that GB is slightly more difficult than BP for the first 
and second quartiles (the better half of the group); and RG 
and BR vary somewhat in ease of discrimination according 
to the quartile. The constancy of the order of difficulty of 
combinations is readily understood when we have in mind the 

high degree of reliability of the entire test. 

Difficulty According to Serial Position.—There is a well 
defined variation in difficulty according to serial position. 
Fig. 2 shows the variation in error frequency according to 
serial position for all four quartiles and for the entire group. 
The similarity of curve forms is to be noted. The peaks of 
the curves tend to be somewhat flattened for Q1 and Q4; the 
best Ss discriminate quite well at all positions and the poorest 
Ss find it equally difficult to discriminate no matter what the 
serial position. 

The forms of the curves are decidedly interesting, and they 
remain the same in general no matter how the data are frac- 
tionated. According to Weber's Law the discrimination 
should be progressively harder from the 23 cards to the 18 
cards, and then should get easier again from the 18 card to the 
23 card on the second half of the color combination. In other 
terms the curves should in general be concave downward. 
Instead there isa double concave curve, and the highest point 
of the curve, i.e. the maximum number of errors, is not made 
for the 18 cards, but for the 20 cards. : 


PCM 
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To understand this phenomenon, which appears so con- 
sistently in these data, it is well to understand that we are 
dealing with discrimination very close to the limen, at which 
point the judgment processes are very complicated, and are 
prone to vary subtly. The attitude, or set, is of great im- 
portance, as has been shown by many workers, notably 


ERRORS 


Fic. 2. Variation in error frequency according to serial position. 


Woodrow (2). It will be remembered that the instructions 
require that the cards be set out in two rows, all those of one 
color in one row and those of another color in another row. 
There is therefore a two-fold task assigned; first, the dis- 
crimination of predominating color, and second, the dis- 
crimination of the degree of predominance of that color. 
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One might therefore expect a sharp break in the center of 
the series, where the difference in color comes. In other 
terms the series of 12 cards to be set out in serial order is not 
envisaged as one gestalt, but rather as two; it is not a series 
of Red-Green in one continuous unbroken order, but rather a 
graded series of Red and a graded series of Green. That this 
division line really occurs in the judgment process, possibly 
due to the instructions, is quite evident when a count is made 
of all cards misjudged for color; that is, when a card is placed 
by mistake on the wrong half of the series. A 23 card of 
course is six places away from the wrong side, but a 19 card 
need only be displaced two places to be assigned to the wrong 
color. Nevertheless there is a surprisingly small.number of 
errors caused by placing a color on the wrong side. Out of 
57,600 judgments, only 613 cards were assigned to the wrong 
side, about 1.07 percent; the percentages for the various colors 
being for Blue, r.12 percent, for Purple, 1.26 percent, for 
Green, 1.11 percent and for Red, 0.78 percent. It is quite 
obvious therefore that a definite boundary is set by S at the 
midpoint of the series to divide one color from another: hence 
we get a double concave downward form to the curve. 

The next point, and one more difficult to explain, is why 
the curves should be concave in form, and should not follow 
Weber's Law, which requires a progressive increase in errors 
‘from the 23 cards to the 18 cards. As was pointed out by 
Thurstone (3), Urban (4) and others, the very mechanical 
limitations placed on the distributions of the cards throughout 
the series would make for lesser errors at the 23 ends of the 
series, "Thus when judging a 20 card the S could mistakenly 
throw the card either to the right or to the left; but the 23 ` 
cards can only be thrown in the correct positions, or with 
diminishing frequency, naturally, towards the 22, 21, 20, etc. 
positions. "Urban claims that the distributions tend to nor- 
mality in the center of the series, with a tendency for the end 
positions to be truncated normal distributions. That this is 
not quite true in this case is evident from Table 2, which gives 
the distribution of every card scored by Method II. Ob- 
viously the end distributions are somewhat more than trun- 
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cated normal distributions, they are markedly skewed. A 
glance at the table for cards 22 and 21 will show this most 
clearly. Reading along the horizontal lines for 22 we see that 
706 cards were displaced one place to the right of the correct 
position (i.e. the open side) and only 435 to the left or closed 
side. In the horizontal row for card 21, the numbers of cards 
displaced one and two positions on the open or right side are 
838 and 343, while. toward the closed side the numbers of 
correspondingly misplaced cards are 714 and 210, Similar 
effects may be perceived at the other end of the scale. Mere 


TABLE 2 
Comptete Distrisution or Att Соговѕ. (Merson II) 


Positions | 23 22 21 20 19 18 18 19 20 21 


23 3903 | 449] 195] 146] 76] 19| 9| т І 
22 435 |2931 | 706| 455] 177|- 55] 20) 13) 3] I 
838 | 343 | 100] 49] 22] 10 6 


21 210 | 714 |2503 
20 106 | 373 | 808 |2532] 614] 198] 95] 40] 11] 13 
19 67 | 191] 368 | 506|2850| 494 | 150] rrr] 21] 21 
18 53| 92| 133| 209| 463 |3021] 544| 143] 55) 38 
18 9| 25| 46] 59] 118] 561|2990| 554] 200) 123 
19 8 II 20| 29| 93] 201] 519|2880| 472| 310 
20 3 6| 12| 13] 27| 83| 220] 601|2484| 823 
21 2 2 6 9| 24| 43| tor] 251| 880|2558 
22 2 4 3 3 9| 20] 72| 138] 500] 690|2867 
23 2 2 I 6 5| 31| 46| 164] 216 


mechanical limitation of the possible positions therefore does 
not explain all this effect even at the 23 ends of the scale. 
More particularly, in the center of the series, where the scale 
is open at both sides, and hence there are no strong mechanical 
limitations in the placing of the cards, the number of errors is 
likewise diminished, though not to the same extent. Yet 
according to Weber’s Law the number of errors should in- 
crease at this end of the scale. Obviously factors other than 
mere mechanical limitation or statistical truncation are oper- 
ating to cause the curve to take the form it does. 


Discussion 


It is well to note that the effect here being studied, namely 
the diminution of errors in discrimination at the effective 
center of the series, is not to be explained on the basis of the 
law of central tendency of Hollingworth, which has been often 
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used to account for the occurrence of time errors. The effect of 
time error is an intricate one which has evoked many explana- 
tions. But the time error, particularly when estimated on 
the basis of the percent difference of lesser and greater judg- 
ments, by Pratt (5), Needham (6) and others, does not imply 
that fewer errors are made when the time error is small, but 
that the skewness of the incorrect judgments is positive or 
negative. The time error hypotheses merely attempt to 
explain how the incorrect judgments will be distributed, and 
do not refer to the frequency of the correct judgments, which 
we are discussing in this case. It is true that time errors 
occur in the data of this study, but they will be discussed in a 
further paper. 

The explanation here advanced for the peculiar form of the 
curve of error distribution according to serial position, is 
based upon the process of judging. A judgment is never an 
isolated event, it is contingent upon some relative or absolute 
standard. Relative judgments are made when the compari- 
son standard is simultaneously present with the material to be 
judged; absolute standards are framed out of a series of pre- 
vious relative comparisons, and are retained with greater or 
lesser stability. No judgment can be made without some 
frame of reference, some ‘point de repair,’ some guiding post 
from which measurements either of equality or difference are 
made. Generally some fixed, definite standard is preferred 
to a standard that is diffuse and devoid of clarity of outline. 

In the present instance the S selects the end of the series, 
i.e. the maximum amount of color as one frame of reference or 
guiding post; the other end of the series, the point devoid of 
predominance of color, i.e. the 18 card, is chosen as the other 
frame of reference, but naturally it is not so clear-cut as is 
the opposite frame of reference. All judgments are made on 
the basis of distance from these two guiding posts. Naturally 
the closer the card to be discriminated is to the frame of 
asference, the more accurate, surer and quicker will be the 
judgmed As one end of the series, the 23 card, is a more 
stable d definite standard than the other, judgments at 
that end o the series will have fewer errors than at the other 
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end of the series; but the judgments at both ends of the series 
will be better than those at the effective center, т.е. in the 
neighborhood of the 20 card position in the series, and this in 
spite of Weber’s Law. Furthermore, owing to there being 
frames of reference at three points, the two 23 cards at the 
ends, and the 18 cards at the center, the form of the distribu- 
tion curves of errors will be that of a double concave curve. 
Thus the attitude of acceptance of the two-fold task by the S 
is confirmed, that of discrimination of Red, say, from Green, 
and that of the discrimination of the amouht of predominating 
color. And the frames of reference are from maximum 
amount of Red to equal Red and Green, and from this point 
to maximum amount of Green. A subsequent paper will 
attempt to extend this explanation to account for the sign 
and magnitude of the time errors. 


SUMMARY 


Daily for 25 days thirty-two women ranked for color mass 
six different color combinations, twelve stimuli to a set. 
From scoring methods based upon errors and allocation to 
serial position the following conclusions were reached: 

(1) Inter-test correlations and reliabilities are high. 

(2) Color combinations differ in difficulty. 

(3) The curve of serial difficulty of the stimuli is double 
concave, in opposition to Weber’s Law. ў 

(4) An explanation for this finding is advanced, based upon 
frames of reference at the limiting stimuli. 

(Manuscript received March 19, 1940) 
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THE EFFECT UPON REACTION TIME OF MUS- 
CULAR TENSION INDUCED AT VARIOUS 
PREPARATORY INTERVALS 


BY G. L. FREEMAN AND W. E. KENDALL 
Northwestern University and University of Minnesota 


Psychologists have long known that an important deter- 
minant of reaction time is the adequacy of the subject’s 
preparatory set. Woodrow ! showed that interval conditions 
between ready signal and stimulus presentation influenced 
reaction time, those of greater or less extent than a period of 
two seconds being reported unfavorable for most rapid re- 
sponse. There can be little doubt that Woodrow was working 
on the optimal placement of a preparatory set in relation to 
its associated overt performance and that, in terms of neural 
interrelations, his problem is similar to that of Bowditch and 
Warren ? on the facilitation of the knee jerk by appropriate 
timing of some other motor process, such as clenching the 
hands. Preparatory sets for reaction time performance are 
primarily muscular? and presumably their interaction with 
concurrent neural conditions initiated by external stimulus 
differs from the classical knee jerk experiments only in that 
the excitation in operation at the time of stimulation is orig- 
inating primarily in the muscle group to be activated rather 
than spreading from muscular contractions originating else- 
where. 

The purpose of this experiment was to test the hypothesis 
that the timing of the muscular set or preparation for volun- 


tary reaction will influence the speed of that reaction after 
1 Wooprow, H., The measurement of attention, Psychol. Monog., 1914, 17 (No. 5), 
1-158. 
? Bowprrcn, Н. P. and Warren, J. W., The knee jerk and its physiological modi- 
fications, J. Physiol., 1890, 11, 25-64. 
* Jupp, C. H., McAtresrer, C. H., and Steere, W. M., Analysis of reaction 


movements, Psychol. Monog., 1905, 7, 141-184. Witurams, R. D., Experimental 
analysis of forms of reaction movement, Psychol. Monog., 1914, тт (No. 75), 55-155: 
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the manner of Woodrow’s interval analysis. The study is 
part of a program which seeks to understand the postural basis 
of set and which has been previously stated by the senior 
author as follows: 
“Whether tension (muscular set) will improve or hinder a given performance 
depends upon a number of factors including (1) the amount of tension developed, 
(2) the locus of the antecedent muscular contractions in reference to those in- 
volved in the test performance, and (3) the timing of these conditions in relation 
to release of the overt reaction by stimulus . . . these factors are mutually inter- 
dependent . . . but any one may be studied separately by holding the others 
constant while varying it systematically." 4 
In earlier studies the locus $ and the amount ê of experi- 
mentally induced muscular tension were found to be important 
determinants of the quantity and quality of overt response. 
Inthis experiment locus and amount of experimentally induced 
tension were held constant and a frontal attack upon the time 
factor was launched by initiating a tension ‘set’ in the reacting 
muscle group at various periods antecedent to the reaction 
signal. In so far as possible, we tried to duplicate Woodrow's 
work as a control, and substituted in our experimental series 
for his ‘ready’ signal an involuntary movement of the reacting 
limb at various intervals prior to presentation of the auditory 
stimulus to which S was instructed to react voluntarily. 


Tue ExPERIMENTS 


Certain difficulties confront one in the substitution of experimentally induced 
muscular tension for verbal warnings in the reaction experiment. In the first place, 
the only feasible time-variation of antecedent tension is through some arrangement 
which will cause sudden limb displacement, and if S resists these displacements the 
degree of tension in the limb may bear no predictable relation to the experimental 
condition. Secondly, unless fairly constant tension levels are maintained in muscles 
other than that involved in the performance, changes in reaction time may be due to 
shifts in this general excitation background rather than to the experimentally induced 
tension. Finally, the effect upon reaction time caused by prior release of the reacting 
limb may be due to the sensory (kinzsthetic) warning involved and not to the ante- 


cedent motor condition, per se. 


4 Freeman, С. L., The optimal locus of anticipatory tensions in muscular work, 


J. exp. Psychol., 1937, a1, 554-564. 
5 Loc. Cit. s і € 
6 Freeman, С. L., The optimal muscular tensions for various performances, 


Amer. J. Psychol., 1938, 51, 146-150. 
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These difficulties were met in part by making the reaction movement one of the 
entire right arm, rather than the ordinary finger response," and by placing this arm 
in an apparatus which developed tension producing movements at various intervals 
prior to the auditory stimulus. As indicated in Fig. 1, the subject was seated in a com- 
fortable chair with his arm attached to an arm board, blindfolded, and relaxed. The 
arm board was swung back through an arc of about twenty degrees, held in this position 
for fifteen seconds, then (as an electromagnetic circuit was broken) released and carried 
forward through an arc of about forty-five degrees by a strong spring and allowed to 
come to rest. At two to eight seconds thereafter, a buzzer was sounded to which S 
reacted by a slight forward movement of the arm board. Reaction time was, therefore, 
recorded for stimuli following at various intervals the introduction of the tension pro- 
ducing movement. Subjects spent several hours in training to keep generally relaxed 
during the arm swing. Furthermore, when the board stopped they made no effort to 
maintain any particular position but let it come to rest as it would had the arm not 
been attached.* 

Two series of observations were made. In series I, a heavy tension load was 
induced at various intervals before voluntary reaction to auditory stimulation. Three 
subjects performed under the four following conditions: (1) tension induced in 40 
consecutive trials each at 2, 4, 8, and 10 second intervals before stimulation; (2) contro! 
for condition one, with only warning interval varied serially (no tension induced); (3) 
tension induced at 2, 4, 8, and 1o second intervals before stimulation in irregular order 
(40 trials each); (4) control for series 3, with only warning interval varied at irregular 
intervals (no tension induced). In series II a lighter tension load was induced at 
varying time intervals and with somewhat better general controls than series I. Six 
subjects performed here under the following two conditions: (1) control, with tension 
and no tension ° presented in alternate groups of 25 trials each for intervals of 2 and 4 
seconds; and (2) with tension induced in 25 consecutive trials each at 1, 2, 4, and 8 
second intervals before stimulation. In series II more time was spent on training S for 
general relaxation and check on such relaxation was obtained from records of palmar 
skin resistance.!o 


1 HATHAWAY (J. exp. Psychol., 1935, 11, 285-298) reports that the reaction times 
are longer for this movement than for finger reactions, but experimental effects should 
be in the same direction. ‹ 

* Because the subject’s arm was not held in any particular position after the tension 
producing movement the reaction key was àn ordinary knife switch attached to the 
arm board by an adjustable cord so that as the board came to rest the reaction move- 
ment pulled the taut cord and thus opened the circuit and Stopped the chronoscope. 
Variation in body build made it necessary to adjust the length of the arm board for 
different subjects. The board was padded and leather straps were used at the elbow 
and wrist to maintain the arm in the same position on the board throughout the series 
of reaction trials. 

9 To test the relative importance of the sensory warning cue (derived from kin- 
esthetic impressions of antecedent movement) and the muscular condition itself the 
no-tension condition moved the arm very slightly, at various intervals prior to stimula- 
tion, and let S use these subjective impressions of movement as a ‘ready’ signal. 

10 Palmar skin resistance readings, taken in the control condition of Suis Il were 
averaged to obtain a basal level for each subject. In the experimental series S was 

brought down as close to this previously established level as 


given set of trials. Possible before starting a 
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In both series I and series II subjects were given 50 to тоо preliminary practice 
trials. Subjects were not kept in the apparatus for longer than an hour each day, and 
since our experimental conditions often required longer periods for completion, care 
was taken to counterbalance day-to-day practice effects in each subject and to vary 
the order of presenting these conditions from subjecttosubject. The instructions were: 


"Your arm will be placed in the apparatus and you will be blindfolded. 
Relax yourself completely. When it seems that you are thoroughly relaxed, we 
will begin the experiment. Your arm will be swung through a small arc. Do not 
resist this involuntary movement and when stopped let the arm remain in that 
Position. As soon as you hear the click react by making a short forward move- 
ment of the arm. Remember to keep relaxed all of the time and to disregard any 
sounds or noises other than that of the click to which you aretoreact. Remember 
that the arm-swing is an incidental feature of the experiment and do not pay any 
particular attention to it. Concentrate your attention on listening for the sound 
to which you are to react.” 


Fic. 1. Showing apparatus for inducing tension; 4, subject seated and blind- 
folded, B, arm held on board (F) by strap, C, reaction switch, D, electrodes for GSR, 
С, spring for sudden limb displacement, Н, base and support for arm board, Ё, mag- 
netic switch. 


RESULTS 


Due to the limited number of cases included in our study, 
individual analysis of the data will be made. In Fig. 2 we 
present the mean reaction time of each subject at intervals of 
2, 4, 8, and Io seconds after introduction of various tension or 
non-tension conditions. 


IN 001 SEC. 


REACTION TIME 
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The above results suggest that when warning period alone 
is varied in reaction time experiments, the optimal interval 
varies considerably from individual to individual. Thus, 
subject E gave optimal reaction times following the 8-second 
interval while subject A’s optimal intervals are 2 or 8 seconds, 


SUBJECT F 
CONDITION 


--L--L-4-- 


2 4 8 10 2 4 4 to 2 4 4 


EI 


10 


INTERVALS ІМ SECONDS INTERVALS , IN SECONDS INTERVALS IN SECONDS 


Fic. 2. Showing the mean reaction time when heavy tension was induced (Series I) 
at various intervals prior to stimulation; (condition 1, serial presentation of tension 
intervals; condition 3; irregular presentation of tension intervals; condition 2, serial 


„presentation of warning intervals alone; condition 4, irregular presentation of warning 
intervals alone). 


and subject F shows no well-defined optimal condition, so far 
as warning interval alone is concerned." There is also con- 
siderable variation within the same individual, as indicated by 
standard errors. Thus, for condition 2 (serial presentation of 


1 It is unfortunate that the pioneer study by Woodrow cannot be checked for 
reliability of means. The average curve, published in so many textbooks, was obtained 
on only three individuals (25 reaction trials on each interval). $ 
for example, the 2 and 8 second interval in the average curve 
standard errors of individual subjects score on each interval 
same order as ours, the ¢ value (using Fisher’s test of Significance) would lie between the 
10 percent and 5 percent level of significance and would ordinarily be rejected. 


The difference between, 
is .032 seconds. If the 
(not given) were of the 


i 
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intervals alone) average standard errors were: Subject А-—7.9, 
Subject E—5.5, and Subject F—8.5; and for condition 4 (ir- 
regular presentation of intervals alone) the average standard 
errors were: Subject A—r5.9, Subject E—13.9 and Subject 
F—14.6. Such variations in reaction time might be expected 
due to fluctuating set conditions with only warning interval 
as a source of control. 

When a systematic attempt is made to control the locus 
and amount of anticipatory ‘set’ or tension (as we did in 
conditions 1 and 3), all subjects tend to show an optimal pre- 
paratory interval at 8 seconds. Furthermore, the individual 
reaction time means show less variation under tension than 
under no tension (control) conditions. "Thus for condition I; 
the average standard errors were: Subject A—6.6, Subject 
E—5.3, Subject F—s.5; and for Condition 3, the errors were 
Subject A—13.5, Subject Е—12.6, and Subject Е—18.3. 
Furthermore, when localized and quantified anticipatory ‘set’ 
tension is developed prior to stimulation, reaction time is 
shortened (over the control) regardless of interval. 

We have not attempted to discuss the significance of the 
reaction time differences under the various tension intervals 
mentioned above, because a more complete series of data was 
obtained in the second experiment. Since less tension was 
experimentally induced in this Series than in Series I we also 
get some insight into the effect of amount of tension upon the 
optimal interval.” i 

The results of introducing muscular tension at various 
intervals prior to reaction are shown in Fig. 3. We see at 
once that, as a result of the lighter degree of induced tension, 
the fastest reaction times tend to follow the 4-second interval 
rather than the 8 second interval of Series 1. i 

The individual means on all intervals are more reliable than 
those of series I. While the average standard error is greater 
for the six subjects in series П (M—8.4, Q—9.4, R—9.9, 
Sc—10.6, Sp—12.5, W—10.9) than for the three subjects in 
series I, the fact that the difference between means in 


12 Tt was unfortunate that this second series had to be run a year after the first and 
that the original three subjects were not available for further study. 
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series II is proportionally greater does not make the standard 
scores for series II greater than for series I. 

We have not graphed the means obtained for tension vs. 
non-tension at 2 and 4 second intervals (condition 1); but the 
differences between these means are the most reliable of our 


TIME IN 001 SEC. 


REACTION 


APER M CRUS SUO ae, 8 
INTERVALS IN SECONDS INTERVALS IN SECONDS 


it s $ Showing the mean reaction time for six subjects when light tension was 
induce (series П) at various intervals prior to stimulation (Condition 2, serial 
tion with tension). ren ei 


entire experiment. Thus, for a 4-second interval tension 
markedly facilitated reaction time in all subjects; and while 
for the 2-second interval, no tension was found © facilitate 
reaction more than tension in four out of five cases. the dif- 
ferences appear significant in only two Cases. ; 


j 
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In Table 1, we have computed for each subject in Series IT 
the difference of reaction time means for all tension-accom- 
panied intervals and indicated the significance of these dif- 
ferences. In this table significance is estimated using the 
‘t’ test after the manner of Fisher ® rather than the more 
common critical ratio. This is to be preferred, especially in 
work with small samples, because it provides a test which not 
only takes into account the size of the sample but also makes 
no assumptions of normal distribution. In this table, the test 
of significance is set at the 5 percent level where t is equal to or 


TABLE 1 


VaLuzs or ‘t’ ОвтАтхЕр From Comparisons or Reaction Time MEANS ОЕ Series П 


THE MEANS COMPARED * 


In Tension Interval Condition 


2 sec (tension) | 4 sec (tension) 
vs. 


In Control-Condition 
I sec I sec I sec 2 sec 2 вес 4 sec 
Subject vs. vs. vs. vs. VS. vs. , vs. 
25e | 45ес | 8 зес | дзес | 8 sec | Bsec |2 sec (по tension)|4 sec (no tension) 
M 477 | 484 435 36 | .84*| 1.14 2.13 * ET 
Q 1.90 02 .65 | 4.28 | 447 | .58 2.70 ILI 
R 432 | 667 | 465 | 1.34 | .55*| 2.66 1.30 3.37 
Sc | 3.73 | 4.71 | 5-54 | 1.64 | 2.39 | .26* 13 2.73 
Sp 32 | 2.11 | 2.86 | 1.76 | 2.41 | .35% 2.69 — 
Ww 4:30 | 6.99 | 4.09 | 5.62 | .35 | 3.59 ue 4.20 


1 Wheretis equal to the deviation of mean difference from a hypothetical difference 
of zero, divided by the standard error (as estimated from the degrees of freedom). 
* Lesser mean as italicized unless indicated by an asterisk (*). 


greater than 2.064. Checking through the table one sees that 


for 29 of the 45 comparisons which have been made the ż value 
exceeds the level of significance, and hence we can conclude 
that the differences represent true ones (i.e. are due to our ex- 
perimental conditions rather than to chance fluctuations). 

As a final check on the validity of our general method of 
attack and of the reliability of the data obtained, we should 
mention that in Series II subjects tended to show the same 
reaction time means following 2 and 4 second tension intervals 
on different days and regardless of differences in general condi- 

2 Fisuer, R. A., Statistical Methods for Research Workers, 7th edition, Edinburgh, 
Oliver & Boyd, 1938. 
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tion. This is clearly indicated in the comparison below: 


Subjects M о Е Sc Sp w 
Condition 1, 2 seconds after tension..... 2730 | 3150 | 2750 | 3000 | 3500 | 2500 
Condition 2, 2 seconds after tension..... 261 | 325 | 282 | 293 | 291 
Condition т, 4 seconds after tension. .... 270 | 250 | 256 | 275 | 316 | 194 
Condition 2, 4 seconds after tension..... 252 | 266 | 180 194 


It will be recalled that in series II, palmar skin resistance 
was taken as a measure of general bodily excitation. It was 
hypothecated that a low degree of general activity would ac- 
company a successful no-tension condition (that is, if uncon- 
trolled auxiliary tension did not develop markedly) and that 
little or no difference in degree of general excitation would be 
found due to the way in which parts of the tension series were 
arranged. This hypothesis was confirmed by the resistance 
measures, and it was also shown that subjects were fairly 
successful in attaining the same initial resting level for all 
parts of the series; 7.е., each S tended to have the same general 
excitation background before the various tension intervals 
were experimentally induced. Further analysis of the relation 
between initial resistance level and performance would not be 
especially relevant to the problem in hand. 


Discussion 


The present investigation indicates that time relations 
between the involuntary (tension producing) movement in an 
arm muscle and the subsequent voluntary movement of that 
arm have important consequences as to its speed of reaction. 
Specifically, an optimal reaction interval exists for each sub- 
ject, and this differs with the amount of antecedent tension 
induced. The fact that the same subjects gave most rapid 
reaction times when the only experimental variable was a 
certain length of warning interval, Suggests that here also an 
optimal tension condition was operating. It is regretted that 
this study does not provide evidence (as from muscle action 
potentials) of the amount of tentative or covert muscular 
contraction developed in response to the heavy and light ten- 
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sion loads or to the ready signal alone, and operative at the 
moment of stimulus presentation; but the fact that other work 
has shown such contractions to be present when an individual 
gets set to react prompts the deduction that measures of 
muscular tension taken during any of our conditions would 
have shown that the optimal reaction interval shifts according 
to the degree of antecedent motor activity developed in the 
muscle. In other words, it takes a muscle a certain time.to 
reach a condition favoring most rapid response to external 
stimulation and if application of the stimulus-to-be-reacted-to 
is delayed beyond the point where the muscular ‘set’ condition 
has passed its ‘peak,’ overt response will suffer; presumptively, 
the muscular condition operative at the moment of stimula- 
tion will be related to the amount and locus of the tensions 
previously induced and different optimal intervals will be 
found between the initiation of the ‘set’ condition and dis- 
charge of the overt reaction. 

In previous reports, the senior author !* has applied various 
terms and concepts to the problem of set. The present study 
suggests a further clarification. Specifically, the terms ‘tonic’ 
and ‘phasic,’ which have been used frequently to distinguish 
a neuromuscular ‘set’ from the overt ‘response’ it sustains, 
are not mutually exclusive. In motor reactions, certainly, 
the tonic set or focused pattern of muscular tension is to most 
intents the phasic response-to-be. But neuromuscular sets 
are not limited exclusively to or identical with the muscular 
conditions primarily involved in the overt response. Since 
the time of Sherrington, we have known that while the overt 
(phasic) aspect of response may be confined to a given muscle, 
covert activity present in associated muscles forms an essen- 
tial part of the total reaction. The tonic set in reaction time 
experiments probably tends toward a somewhat more diffuse 
arousal of the musculature than does the phasic response; and 
while antecedent ‘sets’ are usually focalized in a soon-to-be- 
overtly reacting muscle, their effect on the condition of that 
muscle are not necessarily limited to the amount of prior 


8 Freeman, Е. L., The problem of set, Amer. J. Psychol., 1939, 52, 16-30; The 


` spread of neuromuscular activity during mental work, J. Gen. Psychol., 1931, 5, 479- 


494- 
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` tension originally induced at that locus, as by a ‘ready’ signal. 


It is generally agreed that a muscular condition in any part of 
the body may influence the excitation level of any other 
muscle by way of proprioceptive pathways. Thus an indi- 
vidual might get ‘set’ for finger reaction by a tonic contraction 
of the leg muscles—these effects spreading to the finger mus- 
cles and so preparing them for rapid response. This is an 
uneconomical way of developing an appropriate antecedent 
set condition, but there can be little doubt that many persons, 
lacking better training, engage in this costly manner of pre- 
paring for work. 

Finally, we may not assume that greater antecedent excita- 
tion or tension developed in a muscle group necessarily leads to 
a more rapid overt response. It is already known that too 
much tension will immobilize a muscle just as too much stretch 
ofa rubber band will make it unresponsive to stimulation. The 
so-called optimal interval for reaction time will be a function 
of the amount of ‘set’; for, as shown in our experiments with 
the heavy tension load, considerably more time must elapse 
before optimal reactions are obtained than when a lighter 
tension load precedes stimulus presentation. This is either 
because the muscle is at first so overloaded in the heavy ten- 
sion condition that external stimulation has to wait until a 
later interval to catch the muscle at a decreased and more 
appropriate level for reaction, or it may be that the heavy 
tension load takes a longer time to develop the initially high 
optimal muscular readiness to respond. 

It has already been demonstrated with simultaneously in- 
duced tensions that there is an optimal tension loading for the 
most efficient performance of a task. We should expect 
similar relations to hold for successive conditions, as when 
fastest reaction time results from antecedent induction of 
tensions. We should also expect that if we induced an arbi- 
trary amount of tension and then varied the interval between 
such a condition and stimulus presentation the reaction time 
would at first be relatively long, reach a point at which the 
subject was working at his fastest, and then drop off again. 
We are led to expect this to happen because the muscular 
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residuals of the involuntary tension producing movement will 
probably take a brief period to rise to the point at which they 
can best support the phasic reaction, and may then begin to 
decline. 

The major issue in current theorizing about set phenomena 
is whether or not the covert or incipient muscle activities 
found to precede reaction differ only in degree from the overt 
pattern of response. The simplest assumption for our present 
experiment is that the tension condition of the muscle per 5e 
rendered it more responsive to external stimulation and that 
overt reaction was merely a matter of simple accretion in 
excitation due to such stimulation. This theory may be fairly 
adequate to simple reaction performances, when a specific 
stimulus in anticipated by and flows into a specifically pre- 
pared channel of response. But when a greater latitude of 
stimulus possibilities is anticipated, then the interaction of 
excitation of external origin and that associated with the 
muscular set requires more complicated assumptions. Here 
the tonic set cannot be identical with the phasic response, for 
the overt responses which appear differ in character from the 
preparatory set. To explain how a given tonic set may sus- 
tain a variety of phasic responses we must appeal to the retro- 
flexive mechanisms which places excitation from the ‘set’ in 
the brain field along with the excitation of external origin and 
make the overt response the product of their dynamic inter- 
action. One may argue that such assumptions become neces- 
sary even in simple reaction time performances, for the set 
of the primary reacting muscle would have difficulty in direct- 
ing the externally aroused excitation to itself unless it acted 
retroflexly to lower the response threshold of the cortical 
motorneurones concerned with initiating the voluntary ef- 


ferent discharge. 


SUMMARY 


This study was designed to test the hypothesis that the 
optimal warning interval found in reaction time experiments 
is a function of the response curve of a preparatory muscular 
set. A frontal attack was developed by inducing tension of 
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controlled intensity and locus at various intervals prior to 
stimulus presentation. Two series of experimental observa- 
tions were made, one with light and one with heavy tension 
loads induced in the reacting limb, and control observations 
were taken with only warning interval varied. Tension in- 
duced at certain intervals prior to response lowered reaction 
time significantly. The heavy load condition showed a longer 
optimal preparatory interval than did the light load condition. 
The implication of these results for the problem of set-response 
dynamics is discussed. 


(Manuscript received March 11, 1940) 


THE RELATION OF SIZE OF STIMULUS AND IN- 
TENSITY IN THE HUMAN EYE: III. THE 
INFLUENCE OF AREA ON FOVEAL 
INTENSITY DISCRIMINATION ! 


BY C. H. GRAHAM AND N. R. BARTLETT 
From the Psychological Laboratory of Brown University 


Two papers (3, 2) from this laboratory have been con- 
cerned with the relation between the size of the retinal image 
and the intensity of light required for threshold in the human» 
eye. Experimental data have been obtained with white (3) 
and red and violet light (2) for the periphery and fovea. In 
addition, the reports consider a theory which gives a simple 
and fairly exact account of the area-intensity function. The 
present experiment extends the general notions contained in 
these papers to the data of foveal intensity discrimination. 

A number of well conducted experiments have been con- 
cerned recently with the influence of area on intensity dis- 
crimination [e.g., Steinhardt (8), Crozier and Holway (1), 
Holway and Hurvich (7), earlier references cited in (7) ]. 
Despite this fact, it seemed worth while to make further meas- 
urements in order to meet two conditions necessary for an 
experiment suitable to our particular purposes. The first of 
these conditions requires that we obtain a sufficiently numer- 
ous sample of areas below a limiting diameter of one degree. 
In this way, and with good fixation, it is possible to arrive at a 
clear picture of the influence of area on cone functions. The 
second condition requires that the exposure time of A7 be 
restricted to a value below the critical duration for the rec- 
iprocity effect of time and intensity (Graham and Kemp, 5). 
In this way we eliminate the possibility of anomalous effects 
due to a variable critical duration. In the present experiment 
the two requirements have been met by (1) the provision of 
six circular areas varying in angular diameter from 4 min to 


1 Supported by grants from the Carnegie Corporation and the John and Mary R. 


Markle Foundation. 
arkle Foundatioi i8 
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56 min and (2) the restriction of exposure time to a constant 
duration of 0.03 second, a value which is probably below the 
critical duration for any of the areas and adapting intensities 
used in our experiment. 


METHOD 


The apparatus is designed to increase momentarily the illumination on an observa- 
tion screen with brief flashes of variable intensity (AJ) during the time that the screen 
offers a steady level of adapting intensity (Г). In any one experimental session the 
value of the momentary increment in intensity which can just be discriminated by the 
subject is determined at levels of adapting intensity covering a range of nearly 5 
logarithmic units. The area of the stimulus surface remains constant during a given 
experimental session, but is varied in different sessions over a range extending from an 
angular diameter of 4 min at one extreme to 56 min at the other. 

The light-source is a 200-watt projection lamp operated on 110 volts d.c. The 
lamp is surrounded by a metal hood from which the light rays emanate through two 
small apertures at the level of the filament. One aperture faces a system of three lenses 
leading to the observation screen. The beam passing through this system affords the 
constant adapting illumination, J. The total distance ftom the aperture to the screen 
for this beam (the J-beam) js 70 centimeters, Wratten neutral-tint filters introduced 

at a point between the first and second lenses may be used to reduce the maximum 
adapting intensity in logarithmic steps, 

‘The other aperture, in the side of the hood, allows light to pass from the filament 
through a condensing lens to a mirror. From this point the light is reflected through 
three lenses to illuminate the same observation screen as is illuminated by the J-beam. 
This system provides the Al-beam. After reflection from the mirror, the beam is 
brought to a focus by the second condensing lens in the plane of a disc which is part 
of a synchronous motor shutter similar to the one described by Graham and Granit (4). 
A sector cut in the periphery of this disc serves as a shutter to admit the beam for 30 
milliseconds to the part of the optical system lying beyond. The third lens of the 
system is a short distance beyond the shutter and beyond the lens is a Wratten neutral 
tint wedge and its balancer, After passing through the wedge the light rays traverse a 
holder for Wratten neutral tint filters and another condensing lens. From this point 


they diverge slightly to illuminate the opal glass screen common to both beams. 
It may be seen from the 


the brightness due to the I-beam 
lamberts. 

In order to vary the area of the 
strips of thin brass, The strips were 
the ground glass. The apertures are circular with radii Tanging from 0.87 to 12.2 
millimeters. At the artificial pupil (3 mm diameter), which is 142 centimeters from the 


stimulus patch, the radii of the apertures subtend angles of 2,0, 3:3, 6.0, 10.0, 16.3 and 
28.0 minutes, 2 
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Fixation is achieved by means of a device similar to one described by Graham, 
Brown & Mote (3). А box, 8 cm deep is fastened in such a position that the ground- 
glass screen and an adjacent dark expanse appear through a circular aperture, 3.5 cm 
in diameter, cut in the center of the box's rear surface. The inside of the box is painted 
flat white; the outside has a coating of lamp-black. By this arrangement the subject is 
presented with a visual configuration in which the stimulus area seems to be circum- 
scribed by a black area 35 millimeters in diameter, which in turn is surrounded bya 
whitearea. Within the box itself, two small bulbs, operated at 3.0 volts from a storage 
cell, illuminate the white area with a brightness of about 0.15 millilambert, a value 
approximately 3.6 logarithmic units below the maximum brightness of the /-Ьеат. 
An aperture 127 millimeters in diameter is cut in the side of the box farthest from the 
screen in such a position that its center coincides with the axis from the artificial pupil 
to the center of the illuminated stimulus patch. Under these conditions one sees, 
through the pupil, a dimly-lighted circular area of five degrees solid visual angle. In 
the center of this region is a black area of 80 minutes solid angle. The stimulus patch, 
illuminated by an appropriate adapting intensity, appears in the center of the black 
area. 

A single determination under the conditions described above consisted in having 
the subject adapt to a particular intensity, Z, on the stimulus patch. After complete 
adaptation a flash of the AJ beam was presented. If the flash was not seen, the 
experimenter moved the wedge one centimeter toward its less dense end and then 
admitted another flash. This procedure was continued at intervals of about thirty 
seconds until the observer reported that he saw the flash, The average of four such 
determinations was taken as the ‘ascending’ discrimination threshold. At another 
session the threshold might be obtained in the ‘descending’ order, i.e., by successively 
diminishing the intensity of a noticeable flash until it could no longer be reported. Two 
‘ascending’ and two ‘descending’ thresholds were found for each of the six areas and 
for adapting intensities ranging from the maximum to a value near threshold. Four 
such series of threshold determinations were made for each area. Two of these series 
started with a maximum intensity for J and passed to threshold; the other two began at 
threshold and increased in intensity. 

The procedure with each subject included a preliminary dark-adaptation of fifteen 
minutes. At the end of this time the lamps in the box were lighted and the subject 
placed his left eye against the artificial pupil through which he regarded the center of 
the dark area in the fixation box. He was allowed two minutes to adapt to the pre- 
vailing brightness on the ground glass screen at the center of the dark area. The 
discrimination threshold was determined in the manner described above and shortly 
afterwards a new adapting intensity was presented. Again the two-minute adaptation 
interval was given and the measurement of the threshold carried out as before. This 
procedure was repeated on a given day for a constant area and for all levels of adapting 


intensity. 
REsuLTS 


In Table 1 are presented the log AJ/I values obtained at 
various levels of adapting intensity, log Г, and for the various 
areas used. The data are for two subjects, Be and Ba. 
Figure 1 gives a graph of the data for subject Ba, and since 
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this figure represents in general outline the data of Be, it may 

conveniently be used for a discussion of the results. The 

number beside each curve represents the radial value in min- 

utes of the particular area used in obtaining the data of that 

curve. Ў 
TABLE 1 


Loc АЈ/І Vaturs (Susyects Be ann Ba) For Various VALUES or Loc J AND FOR 
THE DIFFERENT Rap or STIMULUS USED IN THE EXPERIMENT 


Intensity values are in terms of photons. “White” light used for all determinations. 


Log Sub- ЕН 
1 ject 
28min | 16.3 min 10 min 6.0 min 3.3 min 2.0 min 
411 Ве = 1.33 —1.16 —1.02 —0.57 —045 —0.55 
Ba —LS1I —141 —1.08 —0.66 —049 | —0.52 
3.51 Ве 141 | —r05 | —o97 | –047 | —ол8 | —0.31 
Ba 1.51 —130 | —1.13 —о.бї —0.33 —0.47 
3.11 Be —1.38 | =107 | —o91 | —0.65 —0:08 | —o.16 
Ba —1I.51 —136 | — 1.08 —0.68 —0:35 —047 
2.51 Be —134 | 7-11 | —o99 | —0.43 —007 | —o.11 
Ba —10.554 | —135 — 1.08 rper —0.33 —0.32 
2.11 Be —1.25 —1418 —0.99 —0. —0.II —0.05 
Ba —145 21:35, —1.03 —0. —0.37 —0.30 
1.51 Ве —1.07 | —roo | —o.88 —0.39 —0.07 —0.0 
Ba —127 | —r20 | —099 | —o51 | —o:29 ES 
LII Be —090 | —o92 | —o74 | —o. —o. —0. 
Ba —1.12 —1.09 —0.80 2 TU же 
0,51 Ве —o56 | —0.59 —0.46 | —o20 | +оло | +0.1 
Ba —0.78 | —065 | —0o49 | —o.19 +0.05 HS 
ол Ве —0.31 —0.28 =o. 
Ba —048 | —0.26 | —or ee 
—049 Be +0.20 | +0.23 


Ba +o.12 | +0.29 


Tt will be seen in the figure that, for any specific area, the 
log АЈ/Т values are high at a low adapting intensity, J. ‘and 
decrease in magnitude along a smooth curve which ГЕ 
approaches a final steady level at high intensities. This is 
the characteristic relation of AI/I and I and from this point 


of view our data are in line with the results of other in- 
vestigators. : х 


* 
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The influence of area is clearly shown in the graph. The 
effect of an increase in area is to displace the log Д//7 values 
downwards along the ordinate at comparable values of log J. 
Thus, the curve for a radius of 28 min is lowest along the 
ordinate, and the curve for 2 min is, for the most part, highest. 


-I Orel оа А D 


Fic. т. The manner of variation of A/I with J for different radii of stimulus area. 
The number beside each curve indicates the radial value of the stimulus in minutes. 
Data are for subject Ba. 


Intermediate values of radius have curves which occupy inter- 
mediate positions between these extremes in an orderly ar- 
rangement. This regular displacement of curves with an in- 
crease in area (exclusive of the anomalous 2 min curve) is 
indicative of some sort of a reciprocal relation between AT/I 
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and area for constant values of J; i.e., the smaller the area, 
the higher the value of AJ/I; and conversely, the larger the 
area, the smaller the value of AJ/J. 

The curves for the different areas are displaced along the 
ordinate, but they are probably not parallel to each other, 
even if the curve for 2 min be disregarded. It is likely that 

` there is, in addition to the displacement along the ordinate, a 
slight displacement along the abscissa. However, this effect 
is slight, its magnitude approaches the limits of reproducibility, 
and for approximate purposes it may be disregarded. 

The position of the 2 min curve is anomalous. It starts 
out above the 3.3 min curve at low values of J, but crosses the 
latter at higher intensities. In this regard it seems to provide 
an exception in the uniformity of our findings. For this 
reason it is important to realize that the points at the highest 
intensities on this curve (and indeed on the 3.3 curve) may to 
some extent be determined by interference phenomena which 
play a role with small apertures. The phenomena may be 
classed as (1) diffraction effects external to the eye, and (2) 
diffraction within the eye: random scattering by substances 
within the transparent media. With increase in the visual 
angle both effects diminish in importance, and for our larger 
areas may be disregarded. The effects due to (1) were mini- 
mized so far as possible in this experiment by using a large 
distance between the observer and the stimulus plane, but 
even so, interference is not negligible for high intensities 
when the smallest apertures are employed. In addition to the 
rings due to Fresnel diffraction the subjects reported the pres- 
ence of streaks radiating from the center, These may be 
attributable to scattering by substances within the еуел: 
is clear in the light of these considerations that only the low 
intensity sections of the 2 min and 3-3 min curves of Fig. 1 
can be considered as truly representing intensity discrimina- 


tion for these small areas. 
Discussion 


A hypothetical account of the area-intensity relation has 
been put forward earlier (3, 2). The hypothesis is based on 
the idea that the excitatory contribution of an elemental area, 
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rdrd@, to the threshold effect, E, at the center of the illumi- 
nated circle is inversely Proportional to a power, p, of the 
distance from the center, r. Thus, excitatory contribution, 
dE, is proportional to 1/r?. The threshold, by this hypothesis, 
is determined when the excitatory effect at the center reaches a 
critical value. й 

From ап experimental observation it may be inferred that 
the excitatory gradient is as important for intensity dis- 
crimination as it is for threshold. If, while a subject is be- 
coming adapted to the prevailing illumination, J, a flash of 
light is allowed to fall on the adapting surface, the subject 
reports a momentary increase in the brightness of the test 
patch. However, it may be observed that this momentary 
increase does not take place over the whole patch, but seems 
to appear at a point, orina small area. Typically, with good 
fixation, the locus of the increase in brightness is near the 
center of the area. This observation seems to indicate that 
excitation is not uniform over the whole patch, but exhibits a 
gradient of effect, the greatest effect being near the center of 
the stimulated area. If we make assumptions similar to those 
made for the threshold determinations, we may write 


Am Ae f^ Е rdrdó (1) 
0 


I RES: 


where АЁ is the increment in excitation at the center, Ae the 
increment in intensity effect in the receptor elements, R the 
radius, and the other terms have the significance discussed 
above. 

Equation (1) may be given more specific form if we assume 
that e is proportional to x, the concentration of photoproducts 
broken down by light. Under these conditions, with & a 


constant of proportionality, 


2r fh 
AE = kas |" A. (2) 
o vo Т 
This expression on integration becomes 
2rk R? ( 
- Я 3) 
AE Par 


; This equation is similar in form to Hecht’s е 
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The simplest assumption we can make with respect to the 
discrimination threshold is that it is constant (2.е., AE = con- 
stant) and equation (3) for this specific case may be written 
C = АхК», | (4) 
where 
Ge (2—p)AE . 
2тЁ 


In terms of Hecht’s theory of foveal intensity discrimina- 
tion for human subjects (Hecht, 6; Graham and Kemp, 5) 


Ax = k'Al(a — x)’, (s) 


where k’ = kır, т being the duration of the AJ flash, a constant 
in our experiment. When we substitute the right hand side 
of (5) for Ax in equation (4) we have 


C' = Al(a — x) R'-», (6) 

in which C’ = Е ` 
In order to test our data it is necessary to find an expression 
for (a — x) in terms of intensity. This may be done by 


observing that the stationary state equation for human retinal 


adaptation to J states that KT = (a “> . Solving fora — x 


gives us the expression a — x = FEM ; and if this equal- 
ity be substituted for a — x in (6) we obtain 
«МЕ» = Cx + (KD, (7) 


2 B 
where c — * - On dividing both sides of (7) by KI we arrive 
at our test expression: 


Ае» = К, rane (8) 


equ xpression except 
that it involves, on the left hand side, a term for area (or 


radius). With area constant this term is contained in К/с. 
The important implication of this development is that, with 
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the proper value of 2 — р, a plot of log AL gs against log 7 


should be fitted by an expression similar in its intensity 
parameter to Hecht's theoretical equation. 
This test is shown in Fig. 2. In this figure the averaged 


log a - К values for our two subjects have been plotted against 


log J; the line drawn through the data is the curve of equation 
(8). It may be seen that the data are fitted reasonably well 
by this formulation. Strictly, of course, the hypothesis would 


о 


2 
Loc ! 
Fic. 2. The averaged data for the two subjects plotted in terms of the requirements 
of equation (8). The curve is theoretical. 


require that the curves of Fig. 1 should be parallel along the 
ordinate. We have pointed out that this is not so, and that 
their positions involve a slight displacement along the abscissa 
axis. However, the effect is small, and to a reasonable 
approximation the formulation of equation (8) may be ac- 
cepted as accounting for the data. Certainly, the expected 
relation holds within limits which are close to the normal ; 
variability of the data. The lack of parallelism, then, is not 
serious, but,it should be kept in mind. 
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The treatment as outlined accepts a value of unity for 
2 — p in equation (8). This is not the value found in the 
experiments on threshold (3, 2). In those experiments it 
turned out that 2 — p was close to 0.5. The value for the 
present experiment is based upon a more certain theoretical 
foundation than is true for the threshold determinations where 
results were obtained with an approximate expression for e, 
viz., е = k log I/Io. The numerical doubling which would be 
required in order to make the threshold value of 2 — p agree 
with that of the present experiment might be due, in the 
threshold experiments, to the use of a term not proportional 
to e, but to its square root. Such a factor would remain un- 
known by the method used for the determination of constants 
in the earlier experiments, 7.e., a plot of log log I/Io vs. log R. 
The value of 2 — p in the two groups of experiments remains a 
discrepancy, and further critical experimentation will be re- 
quired before the difficulty it presents can be resolved. 


SUMMARY 


1. Foveal intensity discrimination thresholds have been 
obtained with white light over a range of 4.6 log units of 
adapting intensity (Г) and for circular areas varying in radius 
from 2 to 28 minutes of visual angle. 


2. With a constant area of stimulus surface, the ratio E 
has a high value for low intensities of J. As J increases, E 


decreases and finally reaches a limiting value at a high level 
of adapting intensity. 


3. At comparable levels of adapting intensity, 7, the ratio 


AI. 
Tis large for small areas and decreases as area increases. 


4. The results are described approximately by means of a 
combination of hypotheses: one in terms of retinal photo- 
RES (6) and the other in terms of visual spatial effects 
3, 2). 


(Manuscript received January 24, 1940) 
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CORTICAL AUTONOMOUS RHYTHMS AND THE 
EXCITATION LEVELS OF OTHER 
BODILY TISSUES. 


BY G. L. FREEMAN 


Northwestern University 


In this discussion we shall use the term cortical autonomous 
rhythm to mean those ‘spontaneous’ bioelectrical discharges 
obtained by connecting electrodes on the scalp to a sensitive 
amplification system and an oscillograph. By the term 
excitation level we mean the degree to which a given bodily 
tissue or group of bodily tissues is aroused. In one sense of 
the term excitation level is used synonymously with metabo- 
lism, for a highly excited or active tissue is one which is 
metabolizing rapidly. But the term metabolism is usually 
applied to some measure of general energy cost, such as oxygen 
consumption, that is supposed to summate the total or near 
total of all tissue excitation. We have previously reported 
that two measures of general metabolism are a relatively crude 
(9) and, at times, an indifferent index of the excitation level 
of different bodily parts and systems (6). Lately, various 
attempts have been made to secure indicators that are in- 
fluenced mainly by the excitation level of bodily tissues used 
primarily in higher behavioral adjustment. Thus the palmar 
skin resistance has provided a useful index of skeletal muscle 
tensions (8) and autonomic changes (2) associated with 
‘alertness’ functions of the central nervous system. Muscle 
action potentials are an index of more localized tissue activity, 
and, it appears, so are the cortical autonomous rhythms.  * 
Jasper (тї) and others have already suggested that both the 
frequency and the amplitude of the ‘alpha rhythm" are an 
index of the ‘excitatory state’ of cortical cells; and Williams 

1 To be exact, however, we should mention that ‘metabolism’ usually refers to the 
basal life processes of cells independent of the influx of stimulation to them (which, of 
course, raises their metabolic activity). An excitation level of a tissue is its basal life 


Processes as raised or depressed by neural or humoral influences of other origin. 
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(16) and others have used ‘percent time alpha’ as if it were 
an index of cerebral excitation. The evidence comes from 
various lines of research on intact human organisms, and is 
consequently indirect and confused. The purpose of this 
report is to contribute some new observations on the correla- 
tion, under a variety of conditions, between percent time alpha 
and measures of the excitation level of other bodily tissues, as 
measured by palmar skin resistance and muscular action 
potentials, which are associated with *alertness? functions of 
the central nervous system. 

Existing studies show that cortical autonomous rhythms 
are influenced by excitation of external origin (such as visual 
stimulation) and of internal origin (such as changes in body 
temperature). Methods of approach usually vary either the 
external or internal factors separately, while attempting to 
hold the others relatively constant. A few attempts have 
been made to correlate measures of general excitation level 
(i.e., metabolism) with frequency of cortical autonomous 
rhythms in different subjects. In reviewing this work, Jasper 
states that the recordable alpha rhythm may be confined to a 
fairly limited range of cortical excitation, i.e., with the subject 
resting quietly, and with activity connected with external 
stimulation relatively absent (12). The possible reason for 
the absence of recordable rhythms at these extremes is that a 
decrease in the cortical excitatory state causes an ‘anode’ de- 
pression of the spontaneous cortical potentials and hence a 
depression of the alpha frequency, while a sufficient increase 
in cortical excitation causes excessive polarization charges in 
the tissues and so produces ‘cathode’ blocking of the rhythmic 
frequencies. The fact that spontaneous discharges in isolated 
nerve fibers are affected in an analogous manner by excitation 
superposed upon their basal metabolic activities lends support 
to the argument that cortical autonomous rhythms are con- 

iter's opini ‘excitatory state’ is partially tied up 
with the лен ty amore орк 
readiness to respond. To the extent that a raised ‘excitation level’ indicates a lowered 
threshold, it would seem that Jasper’s ‘excitatory state" and our ‘excitation level’ are 


related concepts. Alpha rhythm, however, is one of a continuum of cortical frequen- 
cies and it is doubted in some quarters if it can be meaningfully studied apart from 


the total cortical energy flux. 
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fined between certain excitation limits. Beginning with con- 
ditions of extreme excitation, as with intense exteroceptive 
stimulation and internal emotional arousal (where there are no 
rhythmic potentials), the series presumptively follows through 
states of moderate excitation with high-frequency, low- 
amplitude potentials, occasionally synchronized, and moderate 
relaxation with low ‘alpha’ frequencies and beginnings of 
irregularity, to end in deep sleep with very slow random 
‘swings in electrical potential. Notonly would this series seem 
to hold for a given subject, as indicated by shifts in alpha 
frequency due to experimental alteration of body temperature 
and thyroid balance, but also it appears that individual dif- 
ferences in cortical rhythm may have similar bases. Thus 
Davis (3) and many others have reported that the more rapid 
alpha frequencies appear in patients who might be classed 
as highly excitable, and Lindsley and Rubenstein (14) have 
found rather high correlations between the frequency of 
‘alpha’ and basal metabolic rate (6). Leaving out of account 
for the moment the known effects of external stimulation in 
‘knocking down’ the rhythm, it appears that the control 
of cortical autonomous rhythms (or of the general cortical 
states which produce them) depends upon the excitation level 
of other tissues acting as ‘pacemakers.’ : 

It is at this point that our own experimental attack arises. 
Previous work has paid little attention to concomitant 
changes in other tissues when examining the encephalographic 
records for the influence of various stimulus conditions. Study 
needs to be made of muscular tension and other ‘alertness’ 
indicators, especially since such reports as those of Williams 
(16) suggest that the Jasper hypothesis (alpha blocking at high 
excitation levels per se) may be untenable, because “the 
percent time alpha obtained when the eyes are closed can also 
be obtained or approached, by facilitating, by the induction 
in the subject of a state of readiness, the alpha rhythm when 
the eyes are open.” : 

In our experiments we have recorded electroencephalo- 
grams concurrently with palmar skin resistance and muscle 
action potentials when both the internal preparation and ex- 
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ternal stimulation were varied. Results suggest that cortical 
autonomous rhythms depend upon the dynamic balance in the 
brain field of asynchronous excitation of external origin and of 
synchronous excitation associated with, and sustained by, 
muscular tension and other preparatory tissue activities. 


Tue EXPERIMENTS 


Subjects were placed on a cot in the shielded, soundproofed dark room and in- 
structed to relax and go to sleep if they.could. After a period of fifteen to thirty min- 
utes (depending upon the experimenter’s estimate of the lowest general excitation level 
probable in the situation) a series of electric shocks or light flashes was introduced 
(initially sub-threshold but of geometrically increasing strength). When the series 
was completed (in five minutes), the aroused subject was asked to relax again; and after 
another fifteen minutes he was told to push slightly with his feet against levers so as 
to develop and maintain some general muscular tension during the next five minutes, 
after which the original series of stimuli was again applied. ‘Then followed five minutes 
of rest, the total session lasting about forty-five minutes. Electroencephalograms, 
muscle action potentials from the arm, and palmar skin resistance were recorded 
simultaneously throughout the observations. The encephalograms were obtained 
from small solder electrodes attached to the occiput with collodion and connected to a 
high-gain resistance, capacity-coupled amplifier activating a magnetic ink-writer, 
The palmar skin resistance level was recorded in standard ohmic units from a wheat- 
stone bridge circuit using nine volts as external current. The muscle action potentials 
were obtained from small copper plate electrodes connected through a resistance coupled 
amplifier to an electrical integrator (10) which summated total deflections (amplitude 
and frequency of potentials) over an arbitrary time unit, 


Tn general, it was found that the percent of time the alpha 
rhythm appeared in the encephalograms paralleled changes in 
the excitation level of skeletal muscle and autonomic tissues 
during conditions of rest and experimentally induced tension. 
Introduction of external stimuli tended to increase or decrease 

'the activity of the cortical cells, depending upon whether 
the excitation level of the postural or preparatory tissue ac- 
tivities was enhanced or depressed. 

As representative of the trend of our results, we publish in 
Fig. 1 curves of one subject showing the concurrent changes of 
cortical activity, palmar skin resistance, and muscle action 
potentials occasioned by the experimental routine. In the 
figure, measures of physiological response have been plotted 


3 Our attack is to be contrasted with that of T. W. Forbes and H. L. Andrews 
(Science, 1937, 86, 474-476), who found some evidence in favor of the independent 
control of the psychogalvanic (reflex) response and the blocking of cortical autonomous 
rhythms. Our correlations are based upon the slower acting changes in resistance level, 
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so that a rise in a curve will indicate a Supposed increase in the 
excitation level of the tissue or tissues concerned; thus, the 
greater percent time alpha (within limits), the greater the 
assumed excitation level of cortical cells; and the lower the 
palmar skin resistance, the greater the responsible autonomi- 
cally controlled activity. Percent time alpha is determined 
by dividing the greatest number of alpha waves which oc- 
curred in a given minute of record by the number which could 
possibly have occurred. The resistance readings are averages 
for several periods. The muscle action potential readings are 
in terms of average microvoltage effects per minute. 

The inter-relations of the three measures of bodily excita- 
tion shown in Fig. 1 require interpretation. Whereas the 
palmar skin resistance and the E.E.G.’s are often parallel, 
there are many instances where an increase in the activity of 
one bodily indicator is accompanied by a decrease in the other, ` 
These shifts in trend may be studied conveniently by reference 
to five portions of the experiment. During the first few 
minutes of rest (as in a) the E.E.G. has stabilized itself at the 
level of about 52 percent time alpha; but the palmar activity, 
slowly decreasing, drops very rapidly during the last five min- 
utes as the subject presumptively begins to fall asleep. In the 
relative absence of stimulation from internal bodily tissues, 
the cortical excitation level also falls. Against this background 
of general relaxation, external stimulation is introduced in the 
form of weak electric shocks (as in р) and the first effect is to 
raise the cortical excitation level with consequent increase in 
percent time alpha. However, as external stimulus strength 
increases to a point where postural preparatory acts fail to 
keep pace, the dynamic balance of cortical potentials is 
disturbed and the alpha rhythm falls off. When external 
stimulation is removed (as in её), however, the residual excita- 
tion contributed by internal tissues acts to sustain the cortical 
field in a state where the alpha rhythm will again JUS 
S is now ‘alert,’ as contrasted with his previous “drowsiness, 
but after a period passes and there is no more external stimula- 
tion, he begins to relax until told to tense his muscles and get 
ready for stimulation again (as in d). This internal prepara- 
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tion tends to increase the alpha rhythm, but when accom- 
panying external stimulation is also increased sufficiently, 
percent time alpha falls. With stimulation removed (as in е), 
cortical dynamics are again such that more alpha is recorded. 
Throughout the experiment, from a to c to e, there has been a 
rise in the absolute level of percent time alpha as general 
bodily excitation (subcortical pacemakers?) rises under the 
increased ‘alertness’ demands of stimulation. It might be 
argued that the absolute changes in our E.E.G. records are not 
significant since percent alpha is often reported * to vary as 


TABLE I 


Percent ComricAL Arrua Ruyra» (E.E.G.) лмо Muscutar Microvouraces 
(A.P) ОкукцорЕр Unner Turee States оғ Bopity Excitation, (а) MODERATE 
RELAXATION, (с) ‘ALERTNESS’ FOLLOWING EXTERNAL STIMULATION ALONE, AND (e) 
‘ALERTNESS’ FOLLOWING STIMULATION PLus Vouuntarity Inpucep MUSCULAR 

* TENSION. 


Condition a Condition e 
Subject 
EEG. АР. Е.С. Р. EEG. АР. 
i 52% 3о.5Му, ^ ( 65% 63.1Mv. 
AX sa 58 : 25.6 2 e: be 8er 
à 1 Hi сте К — 107.0 
YA о то. 
s 55 29. 
A ч 12 8о.6 А 20 а 
$ n 32 27.8 44 58.4 
i 48 36.2 B8. 61 73.8 
те 74 75.5 5 — 125.1 
Tuis 


much under the same conditions of rest. Perhaps, however, 
these ‘same’ conditions actually included concurrently un- 
detected variations in postural activities similar to those 
demonstrated in our experiment, 

Results similar to those represented in Fig. 1 have been 
obtained with graded light stimuli substituting for electric 
Shocks; and in five out of the eight subjects used, the trend 
toward higher percent time alpha in E.E.G.’s with increased 
general bodily excitation has been in evidence. Detailed 
analysis of Table I, however, would indicate that a better re- 
lationship exists between E.E.G. and A.P. under conditions of 
external stimulation alone (c) than under a combination of ex- 

* D. B. Lindsley, in personal communication with the writer. 
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ternal stimulation and internal (tension) excitation (e). Con- 
sequently, it is possible that backlash propnoception may in- 
fluence cortical frequency only over a limited range. It is 
regrettable that we did not have measures of total cortical 
energy changes, as amplitude rather than frequency factors 
may be more influenced by the concurrent activity of other 
tissues. - 

No special significance can be attached to the difference 
between individual readings, since they may be due largely to 
such external factors as placement of electrodes. In fact, we 
feel that it is much too early, even, to advance any formal 
hypothesis covering differences in trend from subject to sub- 
ject. On the surface it appears as if subjects with initially 
low muscular activity show a trend toward increased alpha 
rhythm with increased postural preparation. Contrawise, 
some of the subjects with a higher degree of initial muscular 
activity vary little from condition a to condition c and gain 
little or no change in cortical alpha frequencies. ! 


Discussion 


The interpretation of our results is greatly handicapped by 
inadequate knowledge about the fundamental nature of the 
physiological processes we have recorded. Of the three, the 
nature of the encephalogram is most problematical, so we shall 
use the electrical responses of the muscles and the skin re- 
sistance measures as a basis for the possible explanation of 
associated changes in cortical processes. ; 

The phenomena which we have measured are changes in 
the relative amount of synchronization (percent time alpha) 
in cortical action potentials. Several theories have been 
advanced to explain this synchronization or ‘autonomous 
rhythm.’ That of Jasper, which favors the synchronization 
within a limited range of cortical excitation, and which has 
already been discussed, gives no insight into the possible 
mechanisms by which a given level of excitation is achieved 
or maintained. Available evidence seems to favor the view 
that, whereas synchronous electrical discharge may be a 
property of cortical cells apart from impulses from other 
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sources (13), such autonomous activity may be enhanced or 
diminished by subcortical ‘pacemakers’ (1) and external 
stimulation. It has been suggested that the usual effect of 
visual and other sensory stimuli in ‘knocking down’ the alpha 
rhythm is due to direct interference with the autonomous 
activity of cortical cells caused by the passage of many 
asynchronous potentials to or through them. "The only way, 
then, in which synchronous discharges could be maintained in 
a sufficient number of cells to influence the total electroen- 
cephalogram would be through a compensatory enhancement 
of cortical autonomous activity brought about through ac- 
tivity of subcortical coórdinating processes responsible for 
initiating or sustaining the rhythm. Theoretically, it should 
be possible for these organic ‘pacemaker’ processes to increase 
proportionately as interfering stimulation increases and so 
maintain a more or less constant level of synchronous activity 
in the total electroencephalogram. But in actual practice, no 
such exact compensatory grading would be possible, and 
external stimulation would more frequently than not increase 
local asynchronous cortical excitation to such a level that the 
alpha rhythm would disappear from a record. The fact that 
bodily conditions prior to and following such stimulation are 
frequently accompanied by an increase in percent time alpha 
(15, 5) supports the view that other pacemaker tissue activi- 
ties, in the absence of external stimulation, increase the 
prevalence of cortical autonomous rhythms. If this is true, 
then the Jasper hypothesis should be restated to indicate that 
autonomous rhythms are not ‘knocked down’ by absolute 
changes in the level of cortical excitation per se, but fail to 
appear either when the activity of ‘pacemaker’ tissues and 
circuits gives insufficient reinforcement to these natural dis- 
charge rates or when asynchronous excitation of external 
origin sufficiently interferes with their influence on the total 
electroencephalogram. 

Our results offer some support to this latter hypothesis. 
When an individual is made more alert (as following excitation 
from a background of relaxation, or when prepared to meet 
stimulation with increased muscular tension) not only does 
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the percent time alpha increase, but so also do autonomic and 
skeletal processes already known (5) to be facilitatory to 
performance. In other words, those bodily processes which 
have a reinforcing backlash influence on higher nervous activ- 
ity, also appear to increase (in the relative absence of inter- 
fering exteroceptive discharges) the prevalence of cortical 
g P g P 

autonomous rhythms. "Thus it may be that the fundamental 
‘pacemakers’ of cortical rhythms, are, in fact, those same 
postural activities whose dynamogenic effects have been so 
often acclaimed by ‘motor’ psychology (4, 6). Earlier evi- 
dence has already shown that individual differences in alpha 
frequency are related to such measures of general bodily 
excitation as metabolism. Our results give an indication 
that, within the same individual, the prevalence of cortical 
rhythms tends to parallel increments in the excitation level 
of sustaining postural activities. We accordingly suggest that 
the percent time alpha, prior to or following external stimula- 
tion, may become a useful quantitative measure of the excita- 
tion level of the higher nervous centers. It is possible that an 
even closer relation between E.E.G. and general alertness 
would have appeared had amplitude changes been substituted 
for percent time alpha.’ Further checks of the hypothesis 
should use both measures. 

Several difficulties appear in making cortical autonomous 
rhythms a direct function of motor activities which help 
maintain the excitation level of cortical cells. Williams,® who 

5 Our recording equipment, unfortunately, precludes valid statements on the 
influence of postural preparation on the amplitude of E.E.G.'s, but we have searched 
our records for change in alpha under increased bodily alertness, and have failed to 
find any valid evidence for increments in its rate per se. The data have not been 
analyzed with respect to ‘beta’ and other frequency changes. fay 

' Williams’ (16) alternative hypothesis, namely that pacemaking impulses asso- 
ciated with alertness might increase cortical synchronization by inhibiting the inter- 
fering asynchronous impulses of external stimuli origin, may be реа) the 
grounds that enhancement occasionally occurs when the interference of pra sis 
visual stimulation is still operating. Of course a Troc alpha rhyti Ta mug t 
‘inhibit’ the influence of stimulation on total field activity by “blocking ve or o 
riding’ asynchronous discharges of lower amplitude. The fact that ШҮ НЫ, iB 
alpha activity by external stimulation is apparently more a decrease in amp a i а 
a change in frequency suggests quantitative management of the electroencephalogram 
similar in character to that found at the spinal level. 
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has favored an hypothesis somewhat similar to the one here 
expressed, has mentioned the fact that severe emotional 
(motor?) activity may cause a decrease in alpha frequencies 
rather than an enhancement. Furthermore, he states, the 
theory is too easy to apply, as when “the record during sleep 
would be interpreted as a cessation of the activity of the pace- 
makers . . . and stimulation with an arousal value would 
momentarily activate the pacemakers.” To this we should 
add that it is difficult to conceive how postural or preparatory 
activities could enhance the percent time alpha or some related 
measure of cortical excitation. Certainly the proprioceptive 
influx is anything but synchronized. However, it is possible 
that the thalamic centers help to organize backlash ‘motor’ 
excitation by ‘loop’ circuits (1) to the cortex which pass im- 
pulses only at certain phases of their rhythmic activity. A 
further supposition, namely, that if the incoming flux were 
too great, it would escape the bounds of these coordinating 
circuits and discharge asynchronously with the cerebral cortex, 
might explain the depressing effect on E.E.G. of intense 
‘emotional’ excitement. 

With so little known about the intimate details of cortical 
dynamics, it may seem premature to attempt an explanation 
of autonomous rhythms in terms of the excitation levels of sup- 
porting postural tissues. But the virtue of any hypothesis is 
not its ultimate truth or falsity, but its capacity to bridge gaps 
in present knowledge and Suggest experimentation. Viewed 
in this light, the suggestion that autonomous rhythms roughly 
indicate the cortical excitatory condition Operating as a 

tonic’ background for external ‘phasic? stimulation has much 
to commend it. А convenient means is offered for organizing 
electroencephalographic data in experiments which vary the 
bodily condition, set, or alertness functions of the individual; 


and another way is thereby opened for determining the efficacy 
‘of ‘pacemaker’ theories. 


(Manuscript received February 28, 1940) 


REFERENCES 
т. Віѕнор, G. H., The interpretation of cortical 


i potentials, Cold Spring Harbor 
Symposium, Quart. Biol., 1936, 4, 305-519. E uid 


CORTICAL AUTONOMOUS RHYTHMS оту 


‚ Darrow, C. W., AND Freeman, С. L., Palmar skin-resistance changes contrasted 


with non-palmar changes, and rate of insensible weight loss, J. exp. Psychol. 
1934, 17, 739-748. i 


, 


- Davis, H., Some aspects of the electrical activity of the cerebral cortex, Cold Spring 


Harbor Symp., Quart. Biol., 1936, 4, 285-291. 


. Freeman, С. L., Mental activity and the muscular Processes, Psychol. Rev., 1931, 


38, 428-449. 


. Freeman, G. L., The facilitative and inhibitory effects of muscular tension on per- 


formance, Amer. J. Psychol., 1933, 45, 17-52. 


. Freeman, G. L., The postural substrate, Psychol. Rev., 1938, 45, 324-334. 
- Freeman, G. L., лхо Darrow, С. W., Insensible perspiration and the galvanic skin 


reflex, Amer. J. Physiol., 1935, 111, 55-63. 


. Freeman, С. L., AND 5імрзом, В. M., The effect of experimentally induced 


muscular tension upon palmar skin resistance, J. gen. Psychol., 1938, 18, 319- 
326. 


. Freeman, G. L., AND GIFFIN, L. L., The measurement of general reactivity under 


basal conditions, J. gen. Psychol., 1939, 21, 63-72. 


. Horrman, E. L., anp Freeman, С. L., An electrical integrator for action currents, 


Rev. Sci. Instr., (in press). 


. Jasper, H. H., Cortical excitatory state and variability in human brain rhythms, 


Science, 1936, 83, 259-260. 


- Jasper, Н. H., Electrical signs of cortical activity, Psychol. Bull., 1937, 34, 41 1-481. 
+ Liser, B., AND Gerarp, R. W., Automaticity of central neurones after nicotine 


block of synapses, Proc. Roy. Soc. Exp. Biol. t. Med., 1938, 38, 886-888, 


. Linps.ey, D. B., AND Rusenstetn, B. B., Relation between brain potentials and 


some other physiological variables, Proc. Soc. Exp. Biol. t9 Med., 1937, 35, 
558-563. 


Loomis, A. L., Harvey, E. N., лхо Новавт, G., Electrical potentials of the 


human brain, J. exp. Psychol., 1936, 19, 249-279. 


+ Wiuuaws, A. C. Some psychological correlates of the electroencephalogram, 


Arch. Psychol., 1939, No. 240. Pp. 48. 


THE EFFECT OF INSTRUCTIONS AND TYPE OF 
TASK UPON ANTITROPIC BILATERAL 
MOVEMENT 


BY REX MADISON COLLIER 


University of Vermont 


The theory proposed by Orton (11) in 1925, that lack of 
lateral cerebral dominance is the physiological basis for read- 
ing and speech disorders, stimulated numerous studies on 
lateral preference and priority of response when homologous 
muscle groups are simultaneously contracted in similar move- 
ments. The assumptions underlying the theory and experi- 
ments were (a) that the more dominant hemisphere should be 


associated with a laterality preference as indicated by а 


handedness questionnaire and a corresponding lateral lead 
when there is an attempted simultaneity of response; and (b) 
conversely, that tests of lateral preference and lead should 
indicate the degree of dominance of one hemisphere over the 
other. According to Orton’s theory, simultaneous discharge 
from the two cerebral hemispheres is symptomatic of a lack 
of dominance and should be accompanied by an interference 
between the two sets of neural impulses, resulting in stutter- 
ing, reading disabilities, and perceptual confusions. 

This hypothesis seems to have been elaborated, in part, 
from an observation by Golla (4). Не found that when a left 
handed subject attempted to move both arms at the same time 
action currents always arrived first in the left arm muscles. 
Moreover, when S was instructed to move only the left arm, 
action currents appeared only in the left side; but when he was 
instructed to move the right arm, action currents were noted 
first on the left side, although only the right arm moved. 
Following this experiment the theory rapidly developed that 
lateral leads could be used to indicate the degree of lateral 
cerebral dominance. ; 

In the experiments by Orton and Travis and others that 
have followed the tasks required of the subjects in determining 
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‘motor lead have been essentially similar to that required of 


Golla’s subject. The situation confronting the subject in 
most of these experiments is not unlike that of the usual 
reaction time experiment. Ina typical experiment, the sub- 
ject is instructed that at the flash of a light he is to depress 
instantly and simultaneously the two telegraph keys respec- 
tively below right and left forefingers. Records are taken of 
frequency and temporal extent of lateral priority of response. 
As a test for revealing type and extent of lateral cerebral 
dominance the results were disappointing. Some experiments 
showed little consistency of lead for either right or left sides, 
while other experiments revealed the more frequent leads to 
be associated with the non-preferred side. 

That the subject’s conception of the task to be performed 
was important in determining lateral priority of response was 
shown by Warren and Metfessel (то) and Warren (16). 
They found that the subject tended to overcompensate with 
the side perceived as weaker. Thus, when forefinger of one 
hand and little finger of the other hand were used to depress 
the keys, records indicated the little finger as more frequently 
leading regardless of general handedness. This, in part, ex- 
plains the earlier observations that the non-preferred side 
more frequently leads. А 

Following this experiment Travis, Tuttle and Bender (15) 
attempted further to isolate the effect of instructions on pre- 
cedence of movement. They studied leads under three dif- 
ferent conditions as follows: I. At a light signal S raised both 
arms. He was not instructed to attempt simultaneity of 
movement. One may not be warranted, of course, in assum- 
ing that S did not attempt simultaneity of movement. II. 
In this series S was specifically instructed to move both arms 
at the same time. III. Response of S was the same as inI 
and II, but the stimulus or signal was made more complex in 
order to dominate attention. Results of Series I and II 
indicated an approximately equal distribution of leads be- 
tween right and left sides; while the results of ITI showed leads 

l'The purpose here is essentially to distract the subject's attention from the 


response in the hope that basic physiological organizations may be revealed. Cf. 
Jasper's use of distraction (6); also Series II of the present experiment. 
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both in frequency and temporal extent to be associated with 
usual side preference. 


STATEMENT OF PRoBLEM 


Thus far all experiments in which frequency and temporal 
extent of motor leads have been studied have set the condi- 
tions essentially similar to the reaction time experiment. 
Regardless of explicit instruction the nature of the task re- 
quired by the apparatus or total experimental situation may 
operate to structure the subject’s psychological field so that 
compensatory tendencies are elicited. These tendencies seem, 
in the long run, to favor the non-preferred or weaker member. 
Thus, if there are basic physiological mechanisms or tendencies 
they may become obscured. The purpose, therefore, of the 
present experiment is to isolate the effects of instructions and 
type of movement upon motor leads when continuous anti- 
tropic pronation-supination movements are contrasted with 
discrete movements of the same character. 


Apparatus 


The apparatus used and the type of record obtainable have already been de- 
scribed in two previous articles? Rotary forearm movements, 
tion, are transmitted directly to a rapidly moving kymograph 
the record markers is always in the plane through which the 


i.e., pronation-supina- 
paper. The action of 
Paper moves and per- 


Fic. 1. 


Since accurate alignment can be maintained 
can be made of right and left forearm move- 
usly, A Joseph Becker time marker driven 
ine unit of 8.3 milliseconds. Figure 1 shows 
? This Journal, 1937, 21, 181-193; also 1938, 23, 26-44. 
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a typical record. The upper tracing was produced by right forearm rotations; the 
lower tracing is from similar movements for the left. When the tracings are approach- 
ing the common center, both arms are pronating; when the tracings diverge, the arms 
are supinating. Temporal differences in the initiation of either bilateral pronation or 
bilateral supination may be measured as indicated in Fig. т. Vertical lines drawn 
upon the records show how motor leads may be identified and measured, These 
tracings illustrate a consistent right lead, although the lead is more evident in supinating 
than in pronating. 


METHOD 


Ten left handed and eighteen right handed subjects? from college classes were 
tested under four types of conditions. I. Subjects were instructed to rotate (pronate- 
supinate) both forearms as rapidly as possible from a signal ‘Go’ until told to stop. 
The duration of a work period was 20 seconds. No suggestion was given to synchronize 
movements. II. This series was the same as I with the exception that the subject 
was asked to read aloud a series of sentences during the work period. III. In this 
series the instructions were altered so as to simulate in part the situation of the usual 
motor lead test. The subject was required to make each pronation and each supination 
a discrete movement. The subject was urged to synchronize the movements of the 
two arms by initiating the movements in each direction at the same instant. The 
movement in a given direction was to be as rapid a movement as possible, but he must 
start each movement with both arms at the same moment. IV. This series was de- 
signed to test the effect of a prolonged work period upon motor leads. Instructions 
and task were the same as in Series I, except that a 40 second work period preceded 
the record, 

RzsurTS 


Table I presents a brief summary of results obtained from 
the twenty-eight subjects. It is evident that under conditions 
of Series I, II, and IV frequency of lead is associated with 
lateral preference. The important finding revealed in this 
table, however, is the contrast between Series ПІ and the | 


TABLE I 


Percentaces or LaTERAL Leaps ror Ricut AND Lert HANDED INDIVIDUALS 
UNDER Four Sets or CONDITIONS 


Right Handed (18 Subjects) Left Handed (то Subjects) 


Right Leads | Left Leads | Right Leads | Left Leads 


I, Continuous movement. 83.3 16.7 78 92.7 
II. Continuous movement Е ais 
lus reading. ......... 773 22.7 L5 van 
IH. Тута movement.... 56.5 43.5 45.4 К 
IV. Continuous movement 
plus fatigue. .... Tice 85.5 14.5 12.2 87.8 


3 Laterality classification was determined by a handedness questionnaire similar 
to those used by Koch (8) and Durost (3). 
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other variations. Under conditions of Series III, leads seem 
to be almost equally distributed bilaterally for both right and 
left handed subjects. These data are similar to the results 
obtained from the usual motor lead experiment. It is evident, 
therefore, that type of instructions and task are important in 
determining which of the two sides initiates the response in an 
attempted simultaneous movement. The results indicate, 
furthermore, a consistent lead associated with lateral prefer- 
ence when neither explicit nor implicit instructions direct the 
attention of the subject toward attempting simultaneity in the 
initiation of bilateral responses. In the usual motor lead 
experiment implicit instructions, due to type of task, appear 
to direct the attention of the subject toward simultaneous 
initiation of movements regardless of explicit instructions. 
When the data are classified as precedences for either right or 
left sides, frequencies of leads in terms of their magnitudes 
are not revealed. The results of the present experiment 
indicate that these relationships cannot be overlooked. 


TABLE II 


Table II is a frequency distribution of leads according to their temporal magni- 
tudes, Multiplying scores by 8.3 translates them to milliseconds. Left leads for the 
right handed subjects are treated as negative quantities while right leads for left handed 
subjects are treated as negative quantities. 


Tt i rrr 


Right Handed Left Handed 
Scores ролна n CIC MEE 
I IL ш Iv I п ш Iv 
————— JL —L— tL pem i 
18to 19.9 
16to 17.9 3 i 1 
14 0 15:9 4 I I 
12to 13.9 I 
Toto 11.9 2 E d А 6 3 
8to 99 16 24 2 10 її 8 3 
6 i 79 Я 24 3 23 16 19 z 45 
4to 59 2 | 54 m | 40 | 72 37 13 62 
d а 19 m 94 6з 102 161 66 45 34 
T 55 I 70 1 2 8 
912 to —o.I 48 42 79 24 d a 6 A 
4 to —2.1 16 28 27 19 14 10 37 п 
—6 to —4.1 7 8 13 I 
—8to —6.1 2 1 F 2 
— 10 to —8.1 3 : 2 
Total no. of 
measures 436 343 294 302 405 


——— ЧЧ 
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Table IT presents a frequency distribution of leads classi- 
fied according to their temporal magnitude. The score values 
have been left in their original units, each unit representing 
8.3 milliseconds. For right handed subjects, left leads have 
been classified as negative quantities. Similarly, the right 
leads of the left handed subjects have been classified as nega- 
tive. Thesymmetry of the distribution makes it evident that 
separate classifications for right and left leads are rather 
artificial and can be misleading. ; 


TABLE III 


Values in Table III are statistical derivations of Table II. Units are 8.3 milli- 
seconds, 


Right Handed Left Handed 

Series —— [—M—————————ÁÀ 
Av, S.D; siyi Av. S.D. ado 
I 2.66 3.24 RESE 2.80 2.36 +118 

II 3.00 3.63 -196 3.38 425 297 А 
ш 0.34 2.96 173 —0.85 3.19 192 
IV 3.10 3.80 .218 3.74 3.60 246 
TABLE IV 


Table IV presents critical ratios found by computing the standard errors of the 
differences between the averages of the pairs of Series indicated in the table. 


Left Handed Subjects 
r 


Right Handed Subjects 


Series C.R. Series с.к. 

E 2.6, I-II 1.80 
t iod I-II 16.30 
LIV 1.65 I-IV 343 * 


The data of Tables III and IV are statistically derived 
from the frequency distributions of Table П. These data 
permit a rapid comparison of the behavior of motor leads 
under the four variations of conditions. Table IV gives the 
critical ratios of the differences between the averages for the 
series or variations indicated. The data show, even more 
clearly than Table I, the striking contrast between Series III 


and the others. : 
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Figures 2 and 3 are included to illustrate further this 
contrast. The superimposed curves are made directly com- 
parable by letting each point represent a percentage of the 
total distribution. 


Percentage Freouency 


-16 -18 -8  -4 о 4 8 12 16 го 


Temporal Magnitudes of Motor Leads 


Fic, 2. Presenting a comparison of lateral lead frequencies under the two condi- 
tions of Series I and III for right handed subjects. Solid line—Series I; dash line— 


Series III. Negative values represent left side leads. Time units equal 8.5 milli- 
seconds. 


Discussion 


1. The Effect of Instructions and Type of Task upon 
Simultaneous Bilateral Performance 

In all of the tables presenting results the sharpest contrasts 
are found between Series III and the others. Only in Series 
III were task and instruction of the nature that would direct 
attention of the subject toward attempting to initiate bilateral 
movements at the same instant. This series was designed to 
approximate the type of task and instructions employed in the 
usual motor lead experiment. Each bilateral pronation and 
each bilateral supination was to be initiated at the same 
instant. In the other series the instructions were designed to 
elicit rapid, continuous reciprocal movements. The attention 
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8 
| 


З 


Percentage Frequency 


o 


716/212: 78 -4 0 4 8 12 16 26 


Temporal Magnitudes of Motor Leads 


Fic. з. Presenting a comparison of lateral lead frequencies under the two condi- 
tions of Series I and Ш for left handed subjects. Solid line—Series I; dash line—Series 
III. Negative values represent right side leads. Time units equal 8.3 milliseconds, 


of the subject through both instructions and type of task was 
directed toward speed of movement. It is of importance to 
emphasize that, regardless of explicit verbal instructions 
offered by the experimenter, the type of task may involve 
certain implicit instructions which the experimenter may over- 
look. Furthermore, it appears to be quite possible that these 
implied instructions may nullify, in part, the experimenter’s 
explicit instructions. In other words, preparatory states for 
action are derived from the total field to which the subject 
responds rather than from segments of that field, e.g., an 
experimenter’s verbal instructions. Therefore, if the experi- 
menter would have his subject avoid an attitude out of which 
would grow an attempted simultaneity of bilateral response 
with a probable tendency to ‘compensate for perceived weak- 
ness’ (16, p. 593), then the nature and meaning of the task 
set for the subject must be considered as well as instructions. 
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2. Distribution of Leads 
` Table II is a frequency distribution of leads according to 
their temporal magnitudes. Ordinarily, the right and left 
leads are sharply separated with a third category for simul- 
taneous leads. Since there usually is only a small proportion 
of simultaneous leads, this manner of treating the data appears 
to imply a bimodal distribution of scores in terms of their 
temporal values. The data of the present experiment indicate 
quite unmistakably a unimodal distribution when left leads 
for the right handed individual are treated as negative values 
and when the right leads for the left handed individual are 
classified as negative. If frequency polygons are charted for 
the scores listed in Table II (Cf. Figs. 2 and 3), it will be ob- 
served that the curves are both unimodal and symmetrical. 
The writer sees no reason why such data should not be ex- 
pected to distribute symmetrically. Scores from single indi- 
_ viduals have been found also to be distributed both uni- 
„modally and symmetrically, although such distributions re- 
veal individual differences in central tendency and scatter. 
When no consistent lateral priority of response is found, 
then this method of treating the data will reveal a central 
tendency approximating zero. The extent to which a right 
or left lead tendency introduces an extra-chance factor in the 
distribution will be shown by the deviation of the central 
tendency measures from zero. 


3. Correspondence between Motor Lead and Lateral Preference 


Similar to the findings of Golla (4, 5) and contrary to the 
results of some of the experiments of Travis and his students 
(6, 12, 13, 14), there is in this experiment a correspondence 
between lateral preference and motor lead. Disregarding 
Series III, the temporal magnitude of the lead is of the order 
of 25 to 30 milliseconds. This value represents the approxi- 
mate central tendency in a distribution which includes both 
positive and negative values. The standard deviation of 
these distributions is in the neighborhood of 30 milliseconds. 
This means that approximately 68 percent of the temporal 
values are found between zero and 60 milliseconds, 


und { or, rather, 
the range within which the Statistically normal 


values are 
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found lies entirely on the side of zero corresponding with 
lateral preference. It must be emphasized that this is not 
true when conditions are similar to those of the reaction time 
experiment. Series III permits the implied comparison. In 
Series III for right handed subjects the lead averages only 
2.8 milliseconds with a standard deviation of 24.6 milliseconds. 
"The distribution is approximately equally divided between 
positive and negative or right and left leads. For left handed 
subjects the average is —7.0 milliseconds which means that 
the central tendency was shifted slightly toward the right or 
non-preferred side, The standard deviation of 26.4 milli- 
seconds indicates that there is a large representation of leads 
associated with the non-preferred side. 


4. The Effect of Distraction and Fatigue 


In Series II the subject was instructed to read aloud during 
the work period. The purpose of this procedure was to 
determine the effect of a distracting task upon the bilateral 
motor pattern. There seemed to be evidences in the literature 
(6, 15) that when attention is directed away from the bilateral 
movements the pattern is modified. The assumption ap- 
parently is that this would allow the more basic neuromuscular 
organizations to express themselves. The usual results are 
not very convincing. Either distraction by this means is not 
the proper method or there is no neuromuscular organization 
more basic than the one expressed through the original task. 
Series II of this experiment revealed no very significant dif- 
ference from that of Series I. For the right handed group the 
critical ratio of 2.64 does approximate reliability; the critical 
ratio for the left handed group (1.80) is considerably less. 
Both may be the result of chance fluctuations. Evidently, 
if the original task does not bring out basic neuromuscular 
organizations, a distracting task does not greatly help. 

The purpose of Series IV was to determine the extent to 
which a prolonged work period would modify the bilateral 
movement pattern. If a lateral lead is related to muscular 
power or resistance to decrement, then an extended work 
period should accentuate it. Table IV indicates that there 
was a statistically reliable difference between Series I and IV 
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only for the left handed subjects. The extended work period 
increased the frequency and temporal extent of left leads. 
These results suggest that the non-dominant side of the left 
handed individual is more vulnerable to the effects of work and 
fatigue than the non-dominant side of a right handed indi- 


vidual. This must remain only a suggestion, since the size 


of the groups is too small to permit a generalization. 


SUMMARY AND CONCLUSIONS 


The present experiment was designed to investigate the 
effects of instructions and type of movement upon motor 
leads when continuous antitropic pronation-supination move- 
ments are contrasted with discrete movements of the same 
character. 'The method included four variations or series. 
In Series I the subject made rapid continuous pronation- 
supination rotations of both forearms from signal *Go' to 
‘Stop.’ Series II was different only in one respect; the subject 
read aloud. In Series III each pronation and each supination 
was a separate or discrete movement. "The subject attempted 
to initiate movements in each of the two directions simul- 
taneously. Series IV was the same as Series I except that the 
work period was extended in order to study the effects of 
decrement upon motor leads. 

The results permit the following conclusions: 

I. When bilateral antitropic forearm movements are con- 
tinuous, frequency and temporal extent of motor lead cor- 
respond with the normally preferred side. 

2. Both a distracting task and a prolonged work period 
operate slightly to accentuate this lead. 

3: When type of task and instructions require separate or 
discrete responses rather than continuous movement, there 
tends in some cases to be no consistent motor lead; in other 
cases the motor lead tends to correspond with the non- 
preferred side. 

4. With a continuous series of movements the average 
lateral priority of response is about 25 to 30 milliseconds with 
a standard deviation of approximately 25 milliseconds. 


(Manuscript received January 18, 1940) 
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GLANDULAR DOMINANCE IN HUMANS 
BY B. KORCHIN, Pz.D., AND А. L. WINSOR, Px.D. 


Cornell University 


Whenever investigations have been made on two sym- 
metrically located organs in the body, it has always been rare 
to find those organs functioning with identical efficiency. 
Hundreds of studies have been reported in which these bilat- 
eral variations were discussed (2), so that despite the fact 
that we have found no studies in the literature on the dom- 
inance of one gland over another, we were not surprised to 
find this asymmetry of function holding for glandular activity 
as well. From our findings one might safely assert that not 
only are we generally right- and left-handed, right- and left- 
eyed, and so on, but that most of us are either right- or left- 
glanded, and that some of us are what might be considered 
ambi-glanded. Although we have reason to suspect that 
there exists a condition of lateral glandular dominance com- 
parable to that of a muscular nature, we shall not at present 


extend this generalization beyond our data on the secretory 
activity of the two parotid glands. 


The technique which we used for collecting and measuring the secretion has been 
described in detail in earlier writings (4). Suffice it is to say. here that we collected 
the secretion directly from the ducts of the glands by means of small two-chambered 
discs which were fastened by suction over the mouth of both Tight and left Stenson’s 
ducts. When the suction is applied to the outer chamber the disc clings tightly to the 
buccal mucosa and the secretion is free to flow into the central chamber and then out 
of the oral cavity by means of the slender rubber tubing which leads out from that 
chamber. The tubing is attached to calibrated pipettes capable of measuring the 
secretion in hundredths of a cc. The collecting device itself does not affect the flow of 
secretion or seriously interfere with the mouth movements of the subject. 
paratus is simple and painless and the subjects quickly become adapted to the 


of the discs. Even with discs on both parotids the subjects are able to con 
eat and drink in a normal fashion. 


discs attached to both glands, 
The subjects were seated in front of a small table and instructed to assume a com- 

fortable posture. For records of the normal inactivated Secretion, the subjects were 

instructed to avoid excitatory movements of the tongue or throat, except as directed, 

and to keep their mouths closed. In order that the accumulated secretions from the 
184 


The ap- 
presence 
verse and 
Figure 1 is a photograph of a subject with the 
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other salivary glands might not interfere with the subjects’ comfort, they were per- 
mitted to swallow at a given signal at the end'of every five-minute period. The rate 
of flow was recorded every minute. A two-hour experimental period was used for 
most subjects. 


Using this technique we studied the bilateral reactions of 
78 subjects: 42 males and 36 females. ý 

Our first problem was to investigate the possibility of 
dominance during the normal resting state; that is, when no 
extero-stimulation was applied. If during that period there 
was consistently more than a 10 percent difference between 
the amount of secretion from the two parotids, the subject 


Fic. 1 


was regarded as showing a dominance of one gland over the 
other. Subjects who did not show this 1o percent difference 
were regarded as ambi-glanded. i 

For purposes of clarity we shall summarize our results in 
terms of percentages. Table I represents the percentages of 
right-, left- and ambi-glanded subjects. | 

To our knowledge sex differences of а lateral dominance of 
muscular or sensory function or structure had never been 
reported. It came as quite a surprise to us to note, therefore, 
that our data on glandular dominance indicated a possible sex 
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variation. From the data collected there seemed to be a 
significant tendency for the males to be better represented in 
the left-glanded and the females in the right-glanded group. 
Thus there were about four times as many right-glanded as 
left-glanded female subjects; and there were about two and 
one-half times as many left-glanded as right-glanded males. 
Of course, continued experiments on large numbers of subjects 
would be necessary before more reliable percentages could be 


TABLE I 
GLANDULAR Dominance; Normat RESTING SECRETION 


: dix Py En IN ern 
рош gland: x 
ight 26% 64% СА 
T UR 67%, BÀ Me 
Ambiglanded....... 7% 22% 1557 


ascertained. Ina personal correspondence, Dr. Е. I. Strongin 
reported that his recent bilateral studies duplicated our find- 
ings of glandular dominance and that he noted similar sex 
variations. We do not know to what this apparent sex dif- 
ference may be attributed. Since we would guess that the 
glandular dominance observed is in part a function of hy- 
pothalamic asymmetry, perhaps morphological studies upon 
male and female cadavers might yield some clue to this 
problem. 

{ The lateral glandular dominance which we observed for 
inactivated secretions was maintained in most cases for acti- 
vated secretions as well. Forty subjects were used for these 
experiments. Of these, 21 were right-glanded, 15 were left- 
glanded, 4 were ambi-glanded in the normal resting state. 
The activating agents we used were gustatory stimuli and the 
Movements of mastication. Of the 21 subjects who were 
right-glanded without extero-stimulation, one subject was now 
left-glanded, one was ambi-glanded, and all the others were 
right-glanded. All of the 15 subjects who were left-glanded 
without extero-stimulation showed a left-glanded dominance 
when the secretion was activated. Of the 4 ambi-glanded 
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subjects who were used in these experiments two were ambi- 
glanded when the secretion was activated; one showed a 
greater secretion from the left parotid; and the other was 
ambi-glanded when the secretion was activated by gustatory 
stimuli, but was right-glanded when mastication movements 
were used. Thus, 36 of the 40 subjects used in the experi- 
ments which involved activation showed the same glandular ` 
dominance for activated as they did for inactivated secretion. 

Many of the subjects preferred to chew their food more on 
one side than on the other. Although, as we observed later, 
glandular exercise may play a small part in increasing the 
flow from one or the other of the glands, it is apparently not 
the crucial factor involved. Chewing preference was noted 
in 25 subjects. Of these there were as many who had a right- 
sided chewing preference and were left-glanded as there were 
right-glanded subjects who had a right-sided chewing prefer- 
ence. There were right-glanded subjects who preferred to 
chew their food on the left side, and there were left-glanded 
subjects who preferred to chew their food on the right side. 
There were subjects in each of the three groups (i.e., right- 
glanded, left-glanded, and ambi-glanded) who reported no 
chewing preference at all. There were two subjects who had 
several teeth removed from the left side of the mouth. In 
both cases chewing on that side was impaired. Both pre- 
ferred to chew their food mostly on the right side, yet both 
subjects were left-glanded. 

Experiments were then planned to study the effect of 
exercise upon glandular function. Three students served as 
subjects for these experiments. The results are tentative, 
of course, but they do seem to indicate that exercising the 
weaker of the two glands can increase somewhat the amount 
of secretion from that gland relative to that from the other, 
The subjects were instructed to exercise the weaker of their 
parotids by means of chewing gum for one hour a day between 
the molar teeth on the side of the mouth in which the weaker 
gland was located. This exercise was continued every day 
for four months. At the end of that time the average per- 
centage difference between the stronger and the weaker gland 


was 11 percent less. 
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One case was particularly interesting. This subject con- 
tinued the exercise for more than six months. At the begin- 
ning of the experiment he showed an extreme left-glanded 
dominance. This dominance remained regardless of the na- 
ture of the secretogogic or activating agents used. After 
several weeks of continued exercise periods he reported that he 
then preferred to chew his meals on the right side. He con- 
tinued chewing most of his food on that side for more than a 
year. Despite these continued exercises of his right parotid 
his left gland still retained a marked superiority at the end of 


TABLE II 


RELATIONSHIP BETWEEN GLANDEDNESS AND HANDEDNESS, 
FoorEpNEss, EYEDNESS, AND EAREDNESS 


Males Total Number 
SU of Subjects 
RG LG AG RG LG AG 
SORA ded 
Right-hande 22 6 
Left-handed..| 4 2 5 2 y ie 
КК 6 
ight-footed..| 1 8 
Lefefooted...] $ | [о mp 
Ru i 
ight-eyed...| 19 52 7 
сеа. TEN 5 13 ° BR 15 H 
Sepe ү 
ight-eared..| 17 8 
Left-eared....| 8 17 4 ы = 19 


RG = right-glanded, LG = left-glanded, AG = ambi-glanded. 


ayear. It might be mentioned that we had occasion to con- 
duct experiments upon this subject for more than 100 hours 
during the year, and that at no time did his right parotid 
gland secrete more than his left when both were activated 
similarly or when the secretions were obtained during condi- 
tions without marked extero-stimulation. 

In an effort to determine whether or not a relationship 
existed between glandedness and any of the functions which 
in the main show some degree of unilateral dominance, we 
collected data upon handedness, footedness, eyedness ‘and 
earedness on the 78 subjects which were used in this пер 
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Table II represents the percentages of right-, left-, and ambi- 
glanded subjects who showed a right or left dominance in the 
above-mentioned functions. If one bears in mind the data 
shown in Table I, it will be evident that no significant rela- 
tionship is indicated between glandedness and these factors. 
A right-handed or right-eyed individual is about as likely to be 
right-glanded as left-glanded. But, as might be surmised 
from what we reported earlier, a right- or left-handed male is 
more apt to be left-glanded; whereas, a right- or left-handed 
female is more likely to be right-glanded. 

Studies on handedness, eyedness, etc., have revealed that 
a great majority of the population show a right-sided dom- 
inance. From the data collected on glandular dominance, 
however, we note no such tendency for parotid glandular 
function. Thus, although 90 percent of our subjects were 
right-handed, there were only 44 percent who were right- 
glanded. Though ro percent of the subjects were left-handed, 
41 percent were left-glanded. 

Although earlier investigators assumed an identity of reac- 
tion from the two parotid glands (5, 1, and others) we have 
learned that for most subjects the assumption is unwarranted. 
Until 1936, with only the exception of an occasional experi- 
ment (9, 10) the workers who followed Lashley continued to 
use his method of studying one parotid gland. This tech- 
nique probably lingered for reasons more of expediency than 
of choice, since the simultaneous collection and recording of 
the secretion from both parotids involves some degree of 
difficulty and practice. 

The literature on bilateral glandular studies is very meager. 
The few studies which have been reported are limited mostly to 
investigations on lower animals. Moukhine (7) claimed from 
his findings on dogs that the amounts of secretion from the two 
submaxillary glands are identical. In his studies of the simul- 
taneous functioning of the two parotid glands in dogs, 
Skliaroff (8) reported that the influence of various irritants 
showed the functioning to be practically identical, with 
‘insignificant’ variations. Montgomery and Stuart (6) re- 
ported a difference in the secretory rate between the parotids 
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in their dog. To our knowledge the only evidence of a mor- 
phological difference between the two glands has been ob- 
served by Bidder in eleven dogs and Heidenhaim in two (3). 

It is our guess that the difference in the rate of secretion 
from the two parotid glands in humans may be in part a 
function of hypothalamic discharge of unequal intensity from 
the right and left portions of that region, and in part due to 
any structural variations which may exist between the two 
glands. ' 

SUMMARY 


л. Although an identity of reaction of the two parotid 
glands was assumed by earlier investigators, our data indicate 
a significant difference between the rate of flow from both 
glands in 69 of the 78 subjects studied. 

2. This dominance of one gland over the other was main- 
tained in most subjects for activated as well as inactivated 
secretions. 

3. The data seem to indicate a possible sex variation. 
Sixty-seven percent of the male subjects were left-glanded; 
whereas only 14 percent of the female subjects were left- 
glanded. "Twenty-six percent of the males were right-glanded, 
while 64. percent of the females were right-glanded. Seven 
percent of the males and 22 percent of the females showed no 
glandular dominance and were considered to be ambi-glanded. 

4. Although bilateral studies on other organs and functions 
have revealed that a far greater proportion of the population 
showed a ‘right-sided’ dominance, we note no such tendency 
for parotid glandular function. Thus, although go percent of 
our subjects were ‘right-sided,’ there were only 44 percent who 
were right-glanded. Though то percent of the subjects were 
‘left-sided,’ 41 percent were left-glanded. 

5. Exercising the weaker of the two parotids increased the 
tate of flow from that gland somewhat in three subjects, but 
that factor was not shown to be the crucial determinant of 
glandular dominance. 

6. Parotid glandular dominance does not seem to be 
related to handedness, footedness, eyedness, or earedness. 


(Manuscript received February 14, 1940) 
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THE RELATIONSHIP OF CERTAIN ORGANIC 
FACTORS TO INDIVIDUAL DIFFERENCES 
IN HUMAN PAROTID SECRETORY RATE 


BY B. KORCHIN, Px.D., AND А. І. WINSOR, Рн.р. 


Cornell University 


The study of human parotid secretory reactions has been 
found to be of considerable value as both a diagnostic aid 
(5, 6) and as a sensitive and reliable technique in psychoso- 
matic investigations (т). Individual differences and varia- 
tions in parotid reactions have been the object of numerous 
investigations on the concomitant vegetative changes occur- 
ring during affective and mental processes. Tthas tacitly been 
assumed in these studies that the differences observed were 
for the most part of neurogenic or functional origin and that 
organic factors were of relatively minor importance. This 
paper is a report of an effort to determine whether or not the 
factors of weight, height, age, pulse rate, diastolic or systolic 
blood pressure might be involved in causing the extensive 
individual differences which have been noted. 

The parotid secretions were collected directly from the 
ducts of the glands by means of modified Lashley suction discs. 
The technique which we employed has been described in detail 
in an earlier report (1). The results from 123 subjects are 
incorporated in this study. The subjects were of both sexes; 
the age range was from 12 to 49 years. 

We ranked our subjects according to their total parotid 
Secretory rate obtained while in the normal Testing state in 
which no marked extero-stimulation was applied. From this 
list we selected the thirteen highest and the thirteen lowest. 
Thus in one group we had the “fast-secretors,’ and in the other, 
the “slow-secretors.’ We then made comparisons between 
their weights, ages, heights, pulse rates, and diastolic and 
systolic blood Pressures. Table I represents the results of 
these comparisons. 
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If any of the factors mentioned in the above Table was 
crucial in determining the individual variations, that factor 
ought to have been evident in a survey of this type. Ob- 
viously none of the factors studied can be regarded as sig- 
nificant. We conclude from these data that if there is an’ 
organic factor which affects the variations it will have to be 
sought elsewhere. 

It is interesting to note that in a similar study on gastric 
secretion (3), “No correlation was found between gastric 
secretion and anatomical measurements (weight, height, chest 
circumference, chest length, trunk length, and height)." Al- 
though it had been believed in the past (2) that secretory rate 
and blood-pressure were intimately related, our studies on 


TABLE I 


A Comparison or Orcanic FACTORS oF INDIVIDUALS REPRESENTING 
THE ExTREMES IN SECRETORY RATE 


Factors Studied ‘Fastest Secreters" ‘Slowest Secreters’ 

Average weight. . ... I4I pounds 140 pounds 
Average height. . . UT Y 5' 4" 
Average pulse rate 72 per min, 78 per min, 
Average diastolic blood pressure 67 mm Hg 74 mm Hg 
Average systolic blood pressure. . . - 115 mm Hg 118 mm Hg 
Ayerage аве е. de soins NAE 19 years 19 years 
Average total secretion per 5 minute 

period, c... oor ap ale semis NN 0.16 cc. 0.04 cc. 


humans and those of Moukhine (4) on dogs do not give any 
support to that theory. Moukhine found the secretory rate 
in his animals to be unassociated with blood pressure changes. 

In summary, it may be said that the extreme variations 
in the rate of inactivated human parotid secretion do not 
appear to be related to weight, height, age, pulse rate, diastolic 
or systolic blood pressure. The reasons for the wide range of 
individual differences in secretory rate have not as yet been 
definitely ascertained. However, on the basis of recent 
studies these differences seem to be more a result of *func- 
tional’ rather than ‘organic’ causes. This problem will be 
discussed in a subsequent publication. 


(Manuscript received February 14, 1940) 
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THE EFFECT OF THE INTER-TRIAL INTERVAL 
ON THE ACQUISITION, EXTINCTION, AND 
RECOVERY OF VERBAL EXPECTATIONS ! 


BY LLOYD G. HUMPHREYS 
Northwestern University 


JOSEPH MILLER AND DOUGLAS G. ELLSON 
Stanford University 


The results of several recent experiments indicate that 
certain of the phenomena of conditioned response experiments 
may be due to the action of two distinct factors which may be 
designated as expectancy—related to learning, and work- 
decrement—related to performance. 

Humphreys (10) has demonstrated similarities between the 
course of acquisition and extinction of conditioned responses 
based on reflex reinforcement and those based on verbal ex- 
pectations. It is to be expected that phenomena determined 
largely by expectancy in the two types of experiment would 
show similarities. A relationship between conditioning and 
expectation of shock has also been demonstrated by Cole (2), 
Cook and Harris (3), Mowrer (12), and others. There are 
evidences, liowever, that this relationship may be limited to 
certain aspects of the conditioned response experiment (e.g., 
rate of extinction) (10) and may be contingent upon the nature 
of the stimulus expected and the response being conditioned 
(12). Before definite conclusions as to the réle of expectancy 
in the phenomena of conditioning can be drawn, however, the 
degree of relationship between the two should be more fully 
investigated. A : 

A second series of experiments points to a relationship 
between certain phenomena of conditioning and a decrement 


l'This research was carried out in the Department of Psychology, Institute of 
Human Relations, Yale University. The authors wish to acknowledge the codperation 
of Professors D. G. Marquis, L. W. Doob, and R. R. Sears in obtaining subjects for their 
investigation, The first-named author is indebted to the National Research Council 
for fellowship funds and to Professor Clark L. Hull who directed his research. 
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or negative adaptation effect. Hovland (7) has demonstrated 
that the shape of a curve of extinction may be determined by 
temporal conditions of reinforcement. Massed reinforcement 
produces a decremental effect which is demonstrated in the 
initial rate of extinction. Calvin (т) and Humphreys (9) have 
shown that such an effect may be found in acquisition curves 
ofconditioning. Earlier evidence of decrement resulting from 
massed reinforcement had been reported by Hilgard (5), 
Schlosberg (13), Wolfe (14), and others. 

The operation both of decremental and of expectation 
factors is inferred by Ellson (4) in order to explain the results 
of a study of spontaneous recovery as a function of time. 
Recovery was demonstrated both for amplitude and for rate 
of extinction of the GSR; recovery was progressive, however, 
only for the former measure. Presumably the amplitude of 
the response is more subject to the adaptation produced by 
repeated reinforcement than is rate of extinction. Con- 
versely, rate of extinction of the response may be a more 
sensitive indicator of expectancy than is amplitude (8). 

Since the work-decrement factor would presumably be at a 
minimum for a verbal choice, the present study of the ex- 
pectancy factor utilizes verbal behavior under circumstances 
paralleling as closely as possible those of a conditioning experi- 
ment. The expectations are set up by repeated pairing of two 
stimuli. Following the presentation of the first stimulus on 
each trial, the frequency of the verbally expressed expectation 
of the second stimulus is measured. Extinction is then 
obtained by regular omission of the second light, and spon- 
taneous recovery is tested by a second extinction series which 
follows the first after a given interval. In the customary 
conditioning experiment the response is made or not made on a 
given trial, but the instructions in the present experiment 
determine that a response and a choice, either positive or 
negative, will be made on every trial. 


APPARATUS AND PROCEDURE 


An apparatus similar to that used earlier by Humphre: ч 
\ р! то, k 
"Two lights, one red and one green, were mounted on the right rad bien aen 
vertical board, These lights were controlled by switches placed behind the board and 
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out of sight of the subjects. ‘The latter were told that the green light would always be 
turned on and would sometimes be followed by the red light, They were further 
instructed to anticipate the presence or absence of the red light by writing appropriate 
symbols on a mimeographed data sheet. Their anticipations of the occurrence of the 
ted light served as the ‘conditioned responses,’ 

The standard preliminary instructions given were as follows: 


“In this experiment you are to anticipate the turning on of the right-hand (red) 
light. The left-hand (green) light will be turned on at regular intervals. Some- 
times this will be followed by the red light, sometimes not. When the green light 
goes on, you are to mark down a cross if you expect the red light to follow, a zero 
if you do not expect it to follow. Do not take time to think. Mark a cross or 
zero immediately—as soon as the green light goes on, Do not leave any blanks. 
Mark from left to right, starting with the top line.” 


At the start of the second extinction period additional instructions were necessary: 


“We are now ready to start a new series. Follow the same instructions as 
before: mark down a cross, if you expect the red light to follow the green, a zero 
if you do not expect it to follow.” 7 


Subjects were from three undergraduate psychology classes of Yale University 
numbering 162, 50, and 67 students, respectively. Since it was possible to conduct the 
experiment in large groups, subjects were seated in their usual lecture rooms. With 
the apparatus resting on a table on the platform at the front of the room, the colors 
of the lights and their spatial disparity could easily be seen by all of the subjects, 

The experimental conditions for the three groups follow: j 

Group I. Trials occurred at a 5-second rate. Twenty-four paired presentations 
of the two lights were followed immediately by 24 ‘extinction’ trials of the green light 
alone, and after a 30-minute recovery interval the green light was again presented 
alone for 20 trials. T 

Group II. Trials occurred at a ro-second rate. The recovery interval tas 4 minutes, 
Otherwise, conditions were the same as for Group I, i.z., 24 acquisition, 24 first extinc- 
tion, and 20 second extinction trials. ^. 7 

Group ПІ. Trials occurred at а 20-second rate. Twenty-four acquisition trials 
were followed by 15 extinction trials (no recovery test with this group). 4 

Although time intervals between trials differed in the three groups, the interval 
between the conditioned (green) stimulus light and the unconditioned (red) stimulus 
light was maintained at approximately 3 seconds. This interval was long enough for 
the written anticipations of the red light to occur. - ' 


REsULTS 


The results are presented graphically in the accompanying 
figures. The amount of expectation is plotted in terms of 
percent frequency, that is, the ratio of the number of anticipa- 
tions of the red light on any trial to the total possible number. 
The acquisition curves are plotted for groups of 4 trials and 
the extinction curves for single trials.” 

2 Only the first six trials are graphed in the extinction curve. The remaining trials 
form à fairly smooth extension of the curve consistently near zero. 
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The acquisition curves (graph A) closely resemble one 
previously published (10) for acquisition of verbal expecta- 
tions. The rise in frequency is apparently more rapid than is 
usually found for reflex reinforced responses. The drop in 
frequency during the early trials gives the curves the S-shape 
frequently reported for reflex reinforced responses (6). In 
the present case this phenomenon of initial drop is probably 
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Grarx А. Acquisition of verbal і i 
_ Gra 4 expectations. Trials are grou: in fours for 
[уш Presentation. The three curves start near the COSE e level and 
ave the S-shape frequently reported for reflex reinforced responses. There is little 
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from X to o for several consecutive trials. Itis presumed that 
the instructions had started the subjects off with a predomi- 
nant expectation that a chance series was being run. This 
quickly gave way to regular expectations of the red light. 
There are no differences in rate of acquisition resulting 
‘from variation of the inter-trial interval. It is, therefore, 
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First Extinction Trials 
Gnarn B. First extinction of verbal expectations. Only the first six trials т 
shown; the remaining trials form fairly smooth extensions of the curves consistently 


near zero. The rapid negative acceleration characteristic of the extinction of dom 
reinforced responses is exhibited. There is little difference in performance among the 


three groups of subjects. 


concluded that within the time limits here employed spaced 
practice is of no advantage in the acquisition of verbal ex- 
pectations. 

The extinction curves (graph B) also resemble those result- 
ing from non-reinforcement of reflex reinforced CR 5. This is 
particularly true with respect to the great rapidity of extinc- 
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tion. In the present study the drop from almost 100 percent 
expectation to very nearly zero takes place in a few trials. 
It is clear, in addition, that the interval between trials is of 
no significance in the determination of the rate of extinction. 

When the rate of extinction is compared with the rate of 
acquisition, it appears that the change from a regular expecta- 
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Second Extinction Trials 


Сварн С. Second extinction of verbal expectations. 
shown; the remaining trials form fairly smooth extensions 
nearzero. There is little apparent relationship between seco; 
and the recovery interval, 


Only the first six trials are 
of the curves consistently 
nd extinction performance 


tion to its negate is much more readily accomplished than the 
change from a chance expectation to a regular one. This 
confirms the previous findings of Humphreys with respect both 
a de expectations (10) and conditioned eyelid responses 

In a study of the spontaneous recove; 


of the galvanic ski 
response, Ellson (4) found progressive in ENE A 


increase of amplitude 
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during the interval following extinction, but no progressive 
recovery of resistance to extinction. In an hypothesis which 
accounted for these results, he made the assumption that 
expectation (in this case of a shock) did not show a progressive 
recovery with time. The data obtained in the second extinc- 
tion of the present experiment tend to verify that assumption. 
Although there was approximately 70 percent recovery in 
terms of frequency, there was no evidence of progressive re- 
covery of the expectations. There is no greater initial per- 
centage of expectation of the red light for the group given a 
30-minute recovery interval than for the group given a four- 
minute interval; in fact the 30-minute group shows slightly 
less recovery. The difference is not statistically reliable, 
however. The curves for this second extinction for the two 
groups are also very similar (graph C), again indicating that 
the ‘resistance to extinction’ of the verbal expectations does 


‘not show progressive recovery within the limits used. These 


findings suggest that the progressive nature of spontaneous 
recovery in conditioning experiments is perhaps due to decre- 
mental factors and is not an actual learning phenomenon. 


SuMMARY 


Verbal expectations of three groups of 152, 50, and 67 
college students were studied under the following conditions: 

Group I—24 acquisition, 24 first extinction, and 20 second 
extinction trials were given at a 5-second rate. A 3o-minute 
recovery period intervened between first and second extinction, 

Group II—conditions were the same as for Group I except 
trials occurred at а Io-second rate and the recovery interval 
was 4 minutes. ; f 

Group III—24 acquisition and 15 extinction trials were 
given at a 20-second rate. Recovery was not tested. — 

From the results it can be concluded: (1) within the time 
limits here employed spaced practice is of no advantage in 

3 It should be noted that the two groups, while comparable in terms of performance 
during acquisition and first extinction, are not comparable in terms of the interval 


between trials. The results would thus be open to criticism on the latter score except 
that the interval between trials is apparently a non-operative or at least a very weak 


factor. 
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either acquisition or extinction of verbal expectations; (2) 
spontaneous recovery of verbal expectations occurs, but within 
the limits of the time intervals used, no evidence of progressive 
recovery is obtained. It is suggested that both the pro- 
gressive character of spontaneous recovery and the beneficial 
effects of spaced practice in conditioning experiments are due 
to decremental rather than expectancy factors. 


(Manuscript received January 20, 1940) 
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THE PERCEPTION OF SIZE IN BINOCULAR, 
MONOCULAR AND PIN-HOLE VISION 


BY THOMAS G. HERMANS 
University of Washington 


In an earlier article, ‘Visual size constancy as a function of 
convergence,’! I cited a study by Maier? as an example of 
lack of proper consideration of convergence as a factor in the 
perception of size. Maier’s subjects were required to repro- 
duce with binocular vision—i.e. with the factor of convergence 
involved—the perceived size of an aperture viewed through a 
pinhole. The reproductions were significantly smaller than 
the standard. This appeared to me to be attributable to the 
fact that the pinhole vision used was monocular vision, and 
that a comparison of monocular and binocular vision might 
show much the same difference. The point of my discussion 
as indicated by the title of this earlier article was not to explain 
the illusion of size in pinhole vision. In a subsequent con- 
versation with me Dr. Maier expressed the belief that the 
amount of difference between pinhole size estimates and the 
standard was too great to be accounted for in the manner I 
had suggested. 

The problem is here subjected to experimental solution. 

' What are the perceived sizes in pinhole vision as compared 
with monocular and with binocular vision? In the present 
article I wish to report findings similar to Maier’s in pinhole 
vision, and further to report a comparison of monocular and 
binocular perception of size, and an interpretation of the facts. 


Apparatus.—Two boxes were built four feet in length and tapered in shape from 
fourteen inches square at one end to eight inches at. the other, The eye pieces were 
placed in the small end of each box and a frosted glass window, frosted side out, was 
placed in the larger end. The boxes were lined with black velvet. To obtain a clear 
cut outline the apertures were cut in shim brass and placed against the frosted surface 
of the glass. Over the brass was placed heavy blue glass to force a closer contact of the 
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brass with the frosted glass; this also reduced the intensity of illumination on the outside 
of the boxes so that the subjects could see nothing but the lighted aperture. The 
standard aperture was a 100 millimeter square so placed that the diagonals of the 
square were'vertical and horizontal. The adjustable aperture for the other box was 
made by cutting right-angle V’s in the sides of two sheets of shim brass. By sliding the 
_open sides of the V's together a variable aperture similar in shape to the standard was 
formed. The movement of the brass sheets was accomplished by suspending them at 
their upper edge from steel bars driven in opposition by rack and gear. ‘The gear was 
fastened to one end of a steel rod which ran the length of the box with a knob at the 
otherend. By turning the knob the subjects could vary the size of the aperture from 
а 200 mm square to practically zero. The blue glass on the outside of the brass served 
the purposes as indicated above during the manipulation of the aperture by the sub- 
jects and also prevented the brass sheets from buckling. 

Conditions of Observations.—The subjects were told that the purpose of the experi- 
ment was to determine the apparent size of the illuminated square under certain condi- 
tions; that they were to reproduce the size as it appeared to them; that there was no 
correct size; that each one of their judgments was right. They were instructed to 
adjust the aperture to the point where it seemed the same size, with no shifting of it 
back and forth after that size had been reached. The reproductions of the perceived 
size of the standard were all made with binocular vision. Half the subjects observed 
the standard square first with monocular pinhole vision and later with unobstructed 
monocular vision. This order was reversed for the other half. Lastly all subjects 
observed the standard square binocularly. Each subject made ten judgments with 
pinhole vision, ten with monocular, and ten with binocular vision: Within the series 
of ten judgments for each condition half of the adjustments of the variable aperture 
were started with the aperture opened to a maximum size, and half were started with 
the aperture shut to near the minimum size. The sizes of the aperture as adjusted were 
measured and recorded in millimeters, 

One hundred subjects were used on the experiment, each making thirty judgments. 
‘Thus the data collected consisted of three thousand judgments. The subjects were 
for the most part elementary psychology students. 


Statistical Analysis of the Results.—The individual’s aver- 
ages of the ten judgments for each of the three conditions were 
regarded as the individual's size estimates for the three condi- 


tions. The following table summarizes the data obtained. 
The unit of measure is т mm. 


i ee МО. 


Sigma Difference Sigm: iti 
Me Sigma ЕЕ Critical 
de) | Wate | aie | ДАО, | “Ratio 
Pinhole vision. . 67.25 23.0! 2.30! 
S d mM askew lees: |. 15:7 
Monocular vision... 93:7 14.30 1.43 


Binocular vision... .| 104.76 6. 6 11.06 LI 
96 654 29 9.2 
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Binocular Vision) sr SIN кз 214 


т (pin.-mon.) = 3325.03 r (mon.bin.) = 56.04 ғ (pin.-bin.) = .48 + .05 
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Discussion and Meaning of the Results.—These data sup- 
port Maier s findings that in pinhole vision the perceived size 
is significantly smaller than in binocular vision. They also 
show а very significant difference between the estimates of 
size in binocular vision and the estimates of size in monocular 
vision; the estimates of size in monocular vision as compared 
with pinhole vision are even more significant; the significance 
of the difference in means of binocular estimates and pinhole 
estimates is very great. It is obvious that my suggestion, 
that the illusion of size in pinhole vision is due simply to the 
fact that pinhole vision is monocular vision, is not validated 
in fact. j 

I must admit here to a heinous influence of my bias in the 
selection of the size of the pinhole for my apparatus. Maier 
used five different sizes of pinholes varying from .03 to .09 
of an inch in diameter. He reported the illusion to be present 
with all five, but that “there was a general tendency for a 
slightly greater reduction for smaller pinholes, 7.2, a greater 
illusion." І used a pinhole slightly smaller (.086 in) than his 
largest, ostensibly to facilitate the subjects’ ready detection 
of the standard aperture. Had I not obtained the very 
significant difference between monocular and pinhole size 
estimates that I did, I would have been obligated to use 
smaller pinholes to test the validity of Maier’s contention. 

Maier’s explanation, however, is not satisfactory. Несоп- 
cludes “that the ‘illusion’ is largely due to a reduced retinal 
image on account of combination of near accommodation with 
the pinhole between the object and the dioptric system.” 
First, there is no evidence that the retinal image is reduced in 
size in pinhole vision. Closing the aperture in a camera does 
not reduce the size of the image on the film. Further, one 
‘can demonstrate that the retinal image is not reduced by 
obtaining an after image while fixating an object through a 
pinhole and then without the pinhole, projecting the after image 
adjacent to the object (distance constant); the object and the 
after image appear to be equal in size. Second, there is no 
evidence that with pinhole vision, accommodation is adjusted 
for near vision. If anything, no particular accommodative 
set is necessary. Maier suggests this in one place but does 
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not follow it up; he says, “ It is possible to get a clear image of 
an object through a lens, though the lens be out of focus, with 
the aid of a small aperture. Thus the pinhole serves to give 
a clear image no matter what the accommodation is, and the 
retinal image is made smaller when the lens of the eye is 
accommodated for some point nearer than the object ob- 
served.” I demonstrated to my own satisfaction and to that 
of one colleague that in pinhole vision no accommodation is 
necessary. With a set of oculist’s lenses and a pinhole .028 of 
an inch in diameter, I found I could get a clear image by use of 
the pinhole with lenses as diverse as plus 20 and minus 20 
diopters. Obviously, no accommodation is required for pin- 
hole vision. 

Another point or two in Maier’s report requires comment 
here. He cites Helmholtz as stating that with the object very 
close, it may appear even larger in pinhole vision. Maier says 
of his own observers, “It was also found that as O moves 
closer to the object there is a point of no-reduction in size of 
the object-light when observed through a pin-hole. This dis- 
tance is generally about 2 m from the object.” My observers 
"were four feet from the object—somewhat less than 2 m. 
Further he suggests that without accommodation the illusion 
disappears, in support of the point that it is near accommoda- 
tion with pinhole that produces the illusion. “Os under 
atropine (and thus without accommodation) were also 
tested. A far-sighted O had little or no reduction in the size 
of the object-light observed through the pinhole.” From the 
foregoing table of my results it is indicated as very likely, by 
the sizes of the standard deviations and the correlation of 
pinhole and binocular size estimates, that some of my subjects 
(without atropine) had little or no reduction in the size as 
observed through the pinhole. He supposedly demonstrates 
that the retinal image of the object seen through the pinhole 
is made smaller when the other eye is accommodated for a 
point closer than the object seen through the pinhole. This, 
it would seem, is simply a change in the apparent size produced 
by a change in convergence, not a change in size of the retinal 
image. 

Conclusion.—The importance of muscular factors in the 
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perception of size is demonstrated again in the present experi- 
ment. When the standard is observed with binocular vision, 
t.e. with cues from bi-retinal stimulation, convergence, and 
binocular accommodation, the reproductions of size (with the 
same cues present) showed a close agreement with the stand- 
ard. When the standard is observed with pinhole vision, i.e. 
with monocular retinal stimulation present, but with con- 
vergence and accommodation eliminated or of no constant 
amount, the reproductions of size with binocular vision (with 
binocular retinal stimulation, convergence, and binocular 
accommodation present) showed an even greater and more 
significant difference from the binocular and monocular esti- 
mates of size. Just why the binocular size estimates averaged 
104.76, with sigma of M. 6.54, rather than nearer to the 100 
mm size that one would expect, was not determined. How- 
ever, a likely explanation is that any deviation from an exact 
binocular fixation at the distance of four feet while viewing the 
standard would tend to be a fixation adjustment for some 
greater distance, as if the subject were looking through the 
aperture window. If this were the case, the perceived size 
of the aperture would increase. While reproducing the square 
the eye is more likely to fixate the moving margin of the 
aperture so that both monocular and binocular accommoda- 
tion will be more nearly correct for the four foot distance. 

In monocular vision the convergence factor, if not elim~ 
inated, is at least not held constant; in pinhole vision this is 
true of both convergence and accommodation. The lack of 
constancy or control of these factors is indicated by greater 
standard deviations of average estimates in monocular and 
pinhole vision than in binocular vision, and this variability is 
in inverse relation’ to the amount of control. Whether the 
unnecessary muscle activities in monocular and pinhole vision 
are eliminated or not is not known, but they do not furnish 
under such conditions reliable cues for size perception. Size 
perception is most accurate and reliable when cues from 
monocular accommodation of both eyes and convergence are 
present, these being the conditions under which we have 


learned to perceive size. 
(Manuscript received February 26, 1940) 


AN IMPROVED AMPLIFIER FOR 
ELECTRO-ENCEPHALOGRAPHY 


BY F. P. HERRNFELD, Е.Е, AND Н. SJAARDEMA, Рн.р. 
Cedars of Lebanon Hospital 


Since Matthews introduced the balanced amplifier for this 
work, few improvements have been made in the construction 
of the amplifiers. Still the balanced battery operated ampli- 
fier is an instrument far from perfection. The batteries 
need constant care and their testing is time-consuming work. 
It was felt that an A.C. operated device would be much more 
satisfactory and simpler tooperate. In order to build such an 
amplifier we began by setting up the requirements it has to 
meet. In agreement with Rudolph Ottenthal we considered 
the brain as a constant voltage generator of about 50 micro- 


volts, with an internal impedance of about 20,000 ohms 
average. 


I. Оотрут 


The output of the amplifier is matched to the recording 
device, in this case a Western Union Undulator. The im- 
pedance of the one used is 800 ohms, and for full deflection 
(16 mm), 17.5 volts are required. 


П. Frequency RANGE 
It is quite true that the amplifier used for research should 
have a frequency ran 
Second. However, 


frequency as a true velocity device; ie., 

creases at the rate of 12 decibels per octave. Taking both 

facts into consideration, we decided to restrict the frequency 

range of the amplifier by the use of tuned filt 

to 48 cycles. "This reduction will also redu 
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pick-up, mainly the 60 cycle field so often encountered in this 
type of work. 
III. Gary 


The gain of the amplifier is set by the above mentioned 
requirements and can best be expressed in power gain. 


Formula I: 
E? (17.5)? 
Pi i Ri _ 800 Ad 
10 log p^? los pa = IO log Gox 19757 = 125.5 db. 
Ri 20 X 10? 


P, — output power, 

Р» = input power. 
In order to obtain an output voltage of 17.5 volts with an 
input of 50 microvolts, a gain of about 126 decibels is required. 

To be able to record abnormal conditions, where the volt- 
age may reach a peak of 500 microvolts, or ten times the 
normal voltage, a suitable control to vary the gain of the 
amplifier is needed. Another requirement is stable operation 
under varying line of supply voltages. 


IV. Power SOURCE ` 

For practical purposes, such an amplifier should be A.C. 
operated, because the operation and maintenance of A.C. 
operated amplifiers is much simpler than battery operated 
ones. Therefore, great stress has been laid in the design to 
fulfill this requirement. 

V. Size 

For practical use the size should be also limited. Fre- 
quently it is very desirable and sometimes necessary to bring 
the instrument to the patient. A bulky, battery operated, 
rack mounted instrument cannot be transported to the bed- 
sideof the patient. Emphasis should be laid on reduction of 
weight and size, in order to be a portable instrument. 


VI. Summary or REQUIREMENTS 
I. The output impedance should match the recording 
galvanometer. 
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2. The frequency range should be restricted in order to 
keep the apparatus free from pick-up of outside interference. 

3. The available gain of the amplifier ought to be sufficient 
to record abnormal, as well as normal, voltages. 

4. The ease of operation and maintenance calls for an 
A.C. operated apparatus. 

5. The apparatus should be kept as compact and light as 
possible to make it practical to carry it to the patient. 


Desicn CONSIDERATIONS 


For practical reasons, a resistance capacity coupled push- 
pull amplifier was chosen. In recent literature, descriptions 
of several such amplifiers have been published, and describ- 
ing again the entire circuit would mean duplication. "There- 
fore only those circuits that seem new in conjunction with 
this type of equipment are described in this paper. 


A. Power Supply 


The average set of batteries (270 volts) have an internal 
Tesistance of about thirty ohms. In order to get the same 
results, the power supply should have the same internal 
impedance or preferably less. In a conventional design, 
the impedance of the power supply, as seen by the sink, is a 
function of the reactance of the condenser in the output of the 
filter and, therefore, of frequency. 

In order that the impedance of the amplifier is as low as 
a set of batteries, the size of the condenser is determined by 
the following formula. 

Formula II: 

ШИА, То I ^ 
C= Ras @X 344 X 1) X 30 — 5300 microfarads. 
C — capacity in farads, : 
w = 21}, Я 
„Xe = reactance of condenser at the desired frequency, 
. f = desired frequency. 


This value, even in the days of electrolytic condensers, 
cannot be housed in portable equipment. But, by following 
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the ordinary filter design in a power supply by a D.C. ampli- 
fier of ample power carrying capacity and amplification и 
voltage output of this power supply can be held ud ut 
irrespective of load variation. "The dynamic impedance is 
expressed as Az/Ai and can be held below five ohms. If no 
reactive components are used in the regulating circuit, then 
the output impedance will not be a function of osea 
The circuit of such a power supply is shown in Fig. 1. The 


Minimum of Inductance L’ 
Formula IIa 


oU. af 

R, Ea 
Fic. 1. Ж = R.C.A. 83V, Рз = R.C.A. 2A3, Va = R.C.A. 1852, Vs = R.C.A. 
VR 130, Ri = 9000,~ Cı = 8 MFD, w = anf, L = inductance in henry, Rr = load 
connected to power supply, 2f = the ripple frequency of the power supply. In the 
above case twice the line frequency. Ёш = output voltage. Load voltage as measured 


across points 4 and B. 


transformer (Tı), the rectifier tube (Vi), the filter (L1C1) 
comprise a power supply of excellent regulation with an 
output of about 520 volts at full load. The gain of the con- 
trol amplifier can best be expressed in mutual conductance, 
which is about 400,000 micro-mhos, in other words, the output 
impedance is 1/Gy = 1/.4 or 2.5 ohms. : 

_ Аф first glance, the filter seems small, but if formula IIa is 
fulfilled and in conjunction with the control amplifier the 
nent in the output is less than —40.0 decibels 
sufficiently low to be negligible. The 
lts at 160 M.A., and 


ripple compo 


relative to 1.73 volts, 
useful output voltage of the unit is 300 УО 


EL 
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is held within o.2 volts from no to full load (Ae/Ai). A.C. 
line variations to input of the power unit should be held within 
I2 percent; greater line voltage changes may cause instability 
in the output. This power unit also delivers current to the 
electro-magnet of the ink-writing recorder. This current has 
to be held constant, since the deflection of the pen is a direct 
function of flux density which in turn is a function of cur- 
rent, as the magnetic circuit is not saturated. 


B. Oscillations in Voltage Amplifier 

With a total amplification of approximately 100 decibels 
distributed over three stages, one has to keep in mind that 
only one hundredth thousandth part of the output voltage has 
to be fed back into the input; i.e., in the right phase relation, 
to start and maintain self-oscillations. Inthe frequency band 
the amplifier covers, electrostatic coupling is possible only 
under the most uncommon conditions. The main source of 
trouble lies in common impedances; therefore, decoupling of 
the first stage is absolutely essential. Two resistance capacity 
filters in tandem, with a time constant of about five seconds 
each, should be sufficient. The last two stages of the voltage 
amplifier, if properly designed, so that both are identical in 
current relation, do not show any tendency to go into self- 
oscillations. In the amplifier built in our laboratory, we 
increased the gain to 124 decibels and, after it was found stable, 
we applied 24 decibels of negative feedback over the first three 
stages of the amplifier. In this way we reduced the noise 
output to such a degree that, while using ordinary radio 
vacuum tubes of the R.C.A. 77 type, we were still able to 
measure as low as 1.5 microvolts, About one out of six type 
77 tubes was quiet enough to be used in the first stage under 
the above mentioned conditions. To reduce further the noise 
output and to make the amplifier less susceptible to 6o cycle 
pick-up, we coupled the voltage amplifier to the main amplifier 
горан а опе and a half section filter, one section constant 
K followed by a half “М? section, which has its infinity 
Suppression point at sixty cycles. This gave us an attenua- 
tion loss of about 58 decibels at sixty and 35 decibels at one 
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hundred twenty cycles and less than 1.0 decibels over the 
entire pass band (0.4—45 cycles). 


C. Power Amplifier 
Figure 2 is the schematic diagram of the power amplifier. | 
The recorder is placed where Ry is located. The four power 
tubes work as four arms of a bridge and therefore no current 
flows through the load unless the bridge is unbalanced by an 
A.C. signal. The in-phase signals, such as variations in supply 
voltage, will not appear across the load. The gain of Ру and 
У, has to be adjusted to the same as that of the power tubes 


> 


Fic. 2. Р,з3 = R.C.A. 2А3, Vas = R.C.A. 56. 


in order to get distortionless amplification. With 710 volts 
as plate supply, an output of 125 volts across 800 ohms can be 
realized, with less than 5 percent distortion, enough to drive 
almost any ink-writing galvanometer. $ 

The power supply is of conventional design. Good regulas 
tion should be the paramount design factor, not good filtering, 
because the gain of the amplifier is low (26.0 decibels) and, as 
said before, in phase voltages cancel automatically. The 
rectifier tubes used in this supply were R.C.A. 866 A tubes. 


D. Controls 


: : con 
т. Power switch operating both uni 
2. An eleven. stop volume control located between the 


voltage amplifier and the filter in steps of 4 decibels each 
(which gives a 160 to 1 volt range). 
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3. A test voltage—approximately 40 microvolts—to give 
80 percent deflection with the amplifier on full gain. 

4. A galvanometer, similar to the R.C.A. recording 
galvanometer, focused onto a ground glass is used as an 
indicator. This type was necessary as most other types were 
found to be inadequate. 

5. A plate metering switch to indicate in percent the 
current in each pair of tubes and in the last two positions the 

‚ plate voltage of each of the power units. 
6. Plate voltage adjustment for the voltage amplifier. 


E. Filaments 


All filament leads are shielded. With proper placement of 
the filament leads and parts plus the 48 cycle low pass filter, 
it.is possible to use alternating current on the heaters of all 
tubes including the first stage. In series with the filaments 
in the first two stages in the voltage amplifier are current 
regulating lamps, to keep the temperature of these filaments 
constant. These current regulating lamps are housed in the 
power supply cabinet. 


F. Mechanical Description 


The voltage amplifier is a resistance capacity coupled 
three-stage push-pull amplifier. The main amplifier is a two- 
stage push-pull direct coupled amplifier. Both amplifiers 
and the filter are built in one case (12 tubes). This unit is 
connected to the power supplies by cables and all controls 
except the plate voltage adjustment are located on the ampli- 
‘fier chassis. The input and output of the amplifiers are of the 
shielded plug type. The weight of the unit complete and 
ready to operate, less recorder, is seventy-nine pounds. Not 


. exactly portable, but a great improvement over the old type 
battery operated units. 


SUMMARY 


The equipment built in our laboratory was found to meet 
and exceed all requirements. It is easy to transport and will 
operate under most adverse conditions. 
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Tests can be duplicated from week to week. The only 
troubles thus far encountered have been selection of tubes and 
inadequate frequency response of the ink-writing galvanom- 
eter. À new galvanometer is now under construction to meet 
our needs. 


Complete electrical specification follows: 


Саши 86 to 130 decibels variable in steps of 4 decibels. 
Frequency range. . ..4/10 to 45 cps. Æ 1 decibel. 

Бау = 1 decibel with line voltage fluctuation of + 10 percent. 
Noise output............- Less than —30 decibels/1.73 volts. 

Power output. . . ...IO watts into 800 ohms with less than 2 percent distortion. 
Power consumption....... 464 watts at 115 volts 60 cycles. 


This research was partially conducted at the Psychology 
Department of the University of Southern California and 
partially at the Electro-Encephalograph Laboratory of the 
Cedars of Lebanon Hospital in Los Angeles. 


(Manuscript received May 28, 1940) 
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THE ORIGIN OF COMBINATION TONES! 


BY ERNEST GLEN WEVER, CHARLES W. BRAY, 
AND MERLE LAWRENCE . 


Princeton University 


Distortion in the auditory mechanism is shown by the 
appearance in perception of two types of phenomenon, over- 
tones and combination tones. Overtones appear when the 
ear is stimulated by a single sinusoidal tone of sufficient in- 
tensity. Combination tones arise when two or more such 
tones act simultaneously. j 

The problem of the origin of these phenomena, and espe- 
cially the parts of the ear that are concerned, has received 
considerable attention. Helmholtz* in his mathematical 
theory regarded them both as products of non-linearity in the 
movements of drum and ossicles. Others, like Schaefer,‘ at- 
tributed them to processes of the inner ear. A further pos- 
sibility is that both middle ear and inner ear are concerned. 
Békésy, largely on a basis of his experiments on the effect 


1 This investigation was aided by grants from the Rockefeller Foundation and the 


National Research Council. 

2 For a brief review of the problem, 
in the ear as shown by the electrical respon 
1938, 9, 227-233. 

3H, L. F. Helmholtz, On the sensations of tone, 
London: Longmans, Green and Co., 1885. 

4K. L. Schaefer, Eine neue Erklärung d 
Grund der Helmholtz’schen Resonanzhypothese, 
505—526. E 2 
EG. v. Békésy, Über die nichtlinearen Verzerrungen des Ohres, Ann. Phys., Lpz. 
1934, 20, 809-827; Physikalische Probleme der Hörphysiologie, Elektr. Nachr. Techn., 


1935, 12, 71-83. БИ 


see E. С. Wever and С. W. Bray, Distortion 
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of pressure on the eardrum, took the position that overtones 
arise in the inner ear, but combination tones are formed both 
in the middle ear and the inner ear. He observed that com- 
bination tones were altered by pressure on the drum, and con- 
cluded that the middle ear had a share in their formation. 

In a recent report,’ we have dealt with the problem of the + 
place of origin of overtones. Evidence was presented that 
these effects are essentially independent of the peripheral con- 
ductive mechanism, and have their origin at some point be- 
yond the stapes. The question which remains, and which 
forms the subject of the present paper, is whether combination 
tones have this same locus. 


MetHop AND PROCEDURE 


The method was similar to that previously employed in the study of overtones. 
Guinea pigs were used as experimental animals, and the electrical responses of the 
cochlea were taken as a measure of peripheral processes. The middle ear, up to the 
Stapes, was surgically eliminated, and the activity of the remaining structures studied 
in isolation, Stimulation was effected by the application of a mechanical vibrator to 
the head of the stapes. A comparison of the pattern of combination tones obtained 
by this method with that secured from the intact car indicates the locus of distortion. 
А As in the previous investigation, the point of separation between middle ear and 
inner ear was the joint between incus and stapes. The portions eliminated included 
drum, malleus, incus, the ossicular ligaments, and the tensor tympani muscle, and in 3 
of the animals the stapedius muscle also. 

The head of the stapes was driven by a steel needle attached through an insulating 
tod to a crystal vibrator. The vibrator consisted of a number of Rochelle salt sections 
0.05” thick by 54” wide by 3” long, cemented together to form a crystal of the expand- 
ing type 26" X 9$" X 3". It was mounted on a heavy reaction block and electrically 


From the loudspeaker the sounds were cond 
securely tied in the meatus of the animal's ear. 
For experiments of this kin 


type of mounting. Tests were 
; Position, with the point in contact with the 
» а dynamic microphone fitted with a probe tube was 


made when the vibrator was in its working position, 
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L 


* 


ORIGIN OF COMBINATION TONES ато 
the cannula was in position іп the meatus. The sounds were thus picked up at the 
place of entrance to the ear, and usual conditions of acoustical impedance were pre- 
served. 

Tests for both conditions of stimulation showed combination tones in the stimuli 
to be negligible at all intensities employed. 

The technique of applying the vibrator point to the stapes was the same as pre- 
viously described. As a check upon whether the stapes faithfully followed the move- 
ments of the driving point, the pressure of application was varied. A moderate pressure 
was found to give regular responses, and an increase of this pressure had no discernible 
effect upon the distortion pattern until an extreme pressure was reached that caused 
damage to the ear. 

The electrical potentials of the cochlea were recorded in the usual manner, with a 
silver foil electrode on the round window. The potentials, after amplification, were 
analyzed with a General Radio Type 736-A wave analyzer. 

Experiments were made on 14 ears. In two instances the same ear was used first 
with aerial stimulation, in the intact condition, and later with mechanical stimulation 
after elimination of the middle ear, so that altogether 8 ears were investigated with 
each form of stimulation. Since with several ears more than one series of measurements 
were made, there were in all-1o series with aerial stimulation and 14 series with me- 
chanical stimulation. Of the 14 series with mechanical stimulation 4 were with the 


stapedius tendon cut. 
In most of the series the stimulating tones were 1000~ and 2800~. In a few, 


systematic measurements were made with 10007 and 2400™, and with 1000“ and 
36007. No difference was found in the general pattern of combination tones produced 
by these three pairs of primaries. д _ 


RESULTS : * 


The experiments regularly included measurements on 8 
tones, in addition to the primaries themselves. These were 
the two combination tones of the first order h — Land h +1, 
the four tones of the second order h — 2l, h + 21, 2h — l, 
2h + 1, and two tones of the third order 2h — 2/1 and 2h + 21. 
Frequently other tones were added, up to the fifth order, and 
occasional measurements were made on tones up to the elev-' 
enth order. А 

Table I shows the early orders of combination tones, with 
their algebraic relations and frequencies for primary tones of 
1000~ and 2800^. All of these tones were found regularly, , 
except the third order tone 31 — h = 2007, which in some 
animals was not detectable. Why this tone was sometimes 
‘missing is not clear; in one of the animals in which it could not 
be recorded the use of other primaries, 2000~ and 5боо^,. , 
gave the corresponding tone 3/ — й = 400™. 


220 E. б. WEVER, C. W. BRAY, AND М. LAWRENCE 


TABLE I - yc 
h = 2800 . 2h = 5600 3h = 8400 

h— 1 = 1800 2h— l= 4600 3h— l= 7400 

ee h+ 1= 3800 | 2h+ 1 = 6600 3h + l= 9400 
h—2l= 800 2h — 21 = 3600 3h — 21 = 6400 

TRAN h-al- 4800 214 212 7600 | 34+ 21 = 10400 
3l1— h= 200 2h — 31 = 2600 3h — 31 = 5400 

ie З h= 5800 | 2h+ 31 = 8600 | 3h4- 3/ = 11400 


Figs. 1-10 show typical results for the 8 combination tones 
regularly studied. To reduce confusion, the difference and 
summation tones are given in separate graphs. In all the 
figures the ordinate shows the response in microvolts, and the 
abscissa the stimulus intensity in db. for the 1000~ primary. 
So far as the present investigation is concerned the reference 
intensity (zero db.) may be considered as arbitrary; actually 
‘it is a value of stimulus that gives the same response as ordi- 
narily obtained with an aerial stimulus of 1 dyne per sq. cm. 

* The 2800^' primary was adjusted to produce approximately 


the same response as the 1000~ 
maries were raised or lowered by 
while the various combination ti 


tone, and then the two. pri- 
equal steps (usually 5 db.) 
ones were individually meas- + 


ured with the wave analyzer. On the graphs, the combination 
tones are indicated symbolically; the actual frequencies may 
be found in Table I. The curves for the primary tones show 
_ the magnitudes of response when these tones were presented 


singly. 


Figures 1 and 2 show difference tones and summation tones 


respectively for aerial stimulation, 
sures 3 and 4 show these tones in ano 
*stimulation after disarticulation о; 


f the stapes. 


with the ear intact. Fig- 
ther animal for mechanical 


If Fig. 1 is 


compared with Fig. 3, and Fig. 2 with Fig. 4, the general 
two forms of stimulation be- 


similarity of the results for the 

comes apparent. ' 
The combination tones fi 

of —10 to o db., and then t 


ISt are measurable in the region 
hey rise rapidly until they suffer 


+ 
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Fics. 1 and 2. Difference and summation tones for aerial stimulation, with the 
+ earintact, Guinea pig No. 293 R. 


RESPONSE IN pv. 


INTENSITY, IN os. 
Fics. з and 4. Difference and summation tones for mechanical stimulation of the 
stapes. Guinea pig №, 290 R. 
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bending at the high intensities for which the primaries them- 
selves show bending. 'The combination tone functions all 
have slopes considerably greater than those of the primaries, 
which means that the combination tones increase in promin- 
ence as the stimulus intensity is raised. 

The difference and summation tones show closely similar 

‚ patterns, under all conditions. In many instances the differ- 
ence tones exceed their corresponding summation tones, but 
only by small amounts.” The first and second order tones, 
as shown in these four figures, are of somewhat the same mag- 
nitude, while the third order tones, 2h — 2/ and 2h + al, 
appear at a higher intensity and attain a lower level of mag- 
nitude, In most of the animals studied, the first order com- 

bination tones have first been found at a slightly lower in- | 
tensity than the others, but they tend to show a lower slope 
and relatively early bending, and usually are passed by the 
2h + l components. This condition is shown clearly in Figs. 
2 and 3, and to a limited degree in Fig. r, but in Fig. 4 the 

~ 2h +1 component falls below. Nearly always the А + 2l 
component is exceeded by the 2h + / component; this is true 
in each of the four figures just presented. 

The combination tone curves often show irregularities, es- 
pecially at the higher levels; this feature is possibly related to 
differences in the degree of overloading of the two primaries. 
It will be noted that though the primary curves run fairly 
close together at low and intermediate intensities, since they 
were adjusted for equivalence in that region, they often depart 
from one another at high intensities. 

: Most of the series, for aerial and mechanical stimulation 
alike, yielded combination tone patterns essentially similar to 
those shown in the preceding figures. Three of the series for 
aerial conduction, however, gave larger amounts of combina- 
ton tones, particularly at the higher intensities of stimulation. 
The most striking of these series is here presented. It repre- 

‚ sents, also, one of the two animals in which measurements 
were made both with the ear normal and after disarticulation 

* This relation of difference and summation 
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of the incudo-stapedial joint. This complete procedure was 
not carried out as a rule, because the measurements require 
several hours, and it is difficult to maintain the animal in 
good condition for so long a time. j 
Figures 5 and 6 show difference and summation tones for 
aerial stimulation, with the ear normal. The responses are 
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Frcs. 5 and 6. Difference and summation tones for aerial stimulation, with the 
ear intact, Guinea pig No. 294 R. 


unusually strong, and the primary curves show relatively 
little bending at the highest intensities of stimulation. Like- 
wise, the combination tone functions are fairly straight, and 
rise to comparatively high levels. ! 
Figures 7 and 8 show results for the same ear after breaking 
the ossicular chain, with direct stimulation at the stapes. 
Some differences from the curves for aerial stimulation are 
apparent. The primary curves do not rise so high as before, 
and show considerable bending. The combination tone curves 


also bend over at high stimulus intensities, and in several i 
Perhaps the most significant dif- 


+ instances become irregular. : 
ng curves for aerial 


ference between these and the precedi 1 4 
stimulation is brought out by measuring, at any given leve 
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of response, the abscissa distance between the primary curves 
and any of the combination tone curves; the difference of 5 
to 10 db. for the two forms of stimulation is a measure of the 
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INTENSITY IN ов. | 
Fics, 7 and 8. Difference and Summation tones for mechanical Stimulation of the 
Stapes. Guinea pig No. 294 В. 


larger combination tone content for aerial stimulation in this 
animal. i 
The results just presented are somewhat difficult of inter- 
pretation. They may indicate that under some circumstances 
the middle ear makes a significant contribution to the total 
distortion pattern. Our hesitation in accepting this view 
comes from a consideration of the change in the form of the 
primary curves, and the likelihood that 
a change in the condition of the animal, 
the greater accumulation of lymph about the niche of the 
round window. Nearly always, after t 
tion, this region is noticeably more moi 


the inevitable traumatizing of the tissues. It is usually found, 


g of the region will 
; for a short time. 
5 in unusually good 


#2 1 
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condition in the beginning, and suffered deterioration as time 
passed. Otherwise it would be difficult to explain why larger 
differences were found: between the two forms of stimulation 
in this case than were ordinarily shown when different animals 
were used. i 

In any event, it is clear that the inner ear system alone, 
stimulated through the stapes, yields a distortion pattern that 
is generally similar to that of the ear as a whole. 

In Figs. 7 and 8 the stapedius tendon was intact. It was 
then severed, and results were obtained which are shown in 
Figs. 9 and ro. As indicated, there was a further drop in the 


n 


RESPONSE 1N 


INTENSITY IN 08. 


INTENSITY IN DB. j 
Fics. 9 and то. Difference and summation tones for mechanical stimulation of the 
stapes, with the stapedius tendon severed. Guinea pig No. 294 R. 


level of the responses, but the combination tone curves were 
altered but little. The evidence shows that the stapedius 
muscle is not significantly concerned in the production of the 
phenomena under consideration. 


ConcLusIons Е 

The results show, in general, a high degree of similarity in 

the combination tones produced by stimulation of the intact 

ear with aerial sounds and those produced by stimulation of 
the operated ear with a mechanical vibrator on the stapes. 
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The results do not rule out any participation by the middle 

ear in the combination tone pattern, since in some instances 

' the effects were 5 to 10 db. greater when the ear was intact. 
As already brought out, technical conditions complicate the 
situation somewhat, but if these are set aside the results fall 
into agreement with Békésy's observations on the effect of 
pressure on the eardrum. As mentioned above, he concluded 
that combination tone distortion occurs both in the middle 
ear and in the inner ear. 

The present results show clearly, in opposition to the view 
expressed by Helmholtz, that the middle ear is not the sole 
seat of combination tone distortion. Rather, they throw the 
principal emphasis upon the inner ear as the place of origin of 
these phenomena. "They are thus in line with the position 
taken by Schaefer, Meyer, Bingham, and Peterson among 
earlier writers, and by Lewis and Reger, Békésy, Stowell and 
Deming, and Cotton in more recent times.* 

The results are of course limited to the ear of the guinea 
pig under deep anesthesia. Our expectation is that, for the 
waking state, heightened tonus or active contraction of the 
middle ear muscles should reduce the amount of distortion 
rather than increase it. The evidence, previously reported,? 
is that tension on the tensor tympani tendon reduces trans- 
mission through the middle ear and diminishes distortion in 
strict relation to the change effected in the primary tones. 

у Тһе particular process of the inner ear by which the com- 

j bination tones arise is not further indicated by the evidence. 
A possibility is the process, attributed to the hair cells of the 

basilar membrane, by which mechanical energy is converted 

into electrical energy. This hypothesis has already been ad- 

vanced in relation to overtone distortion, and it is reasonable 


to suppose that the same action is concerned in the production 
of combination tones. } 


(Manuscript received April 22, 1940) 

` 8 For the references, see J. Peterson, 

phenomena, Psychol, Monog., 1908, 9, 
note 2, above. 

Е. С. Wever and C. W. Bray, 

sound conduction, Ann. Otol. 


Combination tones and other related auditory 
No. 39, pp. 133-136, and the article cited in 


The tensor tympani muscle and its relation to 
э 1с, St. Louis, 1937, 46, 947-961. 
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THE ROLE OF MUSCULAR TENSION IN THE 
COMPARISON OF LIFTED WEIGHTS 


* BY BRYAN PAYNE AND R. C. DAVIS 
Indiana University à 


From discussions of weight judgment by Needham (7) and 
Woodworth (8) one may infer that the theory proposed by 
Müller and Schumann (6) and its alternative, the physiologi- 
cal trace theory, have been most popularly employed in the 
interpretation of the problem of successive comparison. Ac- 
cording to this theory, the subject adjusts the force of his lift 
to the first stimulus, carries over this adjustment to the 
second stimulus, and lifts it with a force about equal to that 
found necessary for the first. The resulting impression, then, 
is a function of the relation between inter-lift Einstellung" 
and the lift of the second stimulus. 

In view of the kind of evidence, however, upon which this 
theory purports to rest, it seems proper to inquire whether, 
in its present state, it is more of a logical construct than a 
scientific concept based upon contacts with an observed da- 
tum. It appears that all successive comparison theory has 
been derived from psychophysical data, and in no literature 
appears what might be called direct evidence for the construc- 
tion of such an hypothesis. Experiments performed in other 1 
sensory fields in which the time error has been found to in- 
crease with the lengthening of the 5-7 interval have contrib- 
uted no support, for they have assumed, along with those of 
Müller and Schumann, that the fading trace or adjustment is 
there and that it is a function of the time interval. Some- 
what better support of the hypothesis was found by Guilford 
and Park (8), who reported that the PSE was displaced in the 
predicted direction when the S-F period adjustment Was 
changed with the interpolation of weights. Here, again, the 
evidence is not direct. 


Now it appears rather certain that the term * Einstellung? 
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was meant to indicate some sort of motor disposition of central 
nervous tissue! which governs the suspension of muscle ex- 
citation in the lifting arm or hand. Furthermore, this ' Ein- 
stellung’ is said to be adjustable. If, however, it can be 
demonstrated that those properties which have been imputed 
to Einstellung are characteristic of muscular activity during 
the judgment of weight pairs, then it would seem that a strong 

` case for a peripheral theory has been stated. It follows that 
a peripheral theory based upon the Müller-Schumann assem- 
bly of relationships would predict that when the degree of 
inter-lift muscular adjustment is high the judgment would be 
L, since the second stimulus requires relatively less effort to 
be lifted. By the same reasoning, when the degree of adjust- 
ment is low the predicted judgment would be H. 

The development in recent years of refined tech niques for 
the detection of minute muscular activities has provided a way 
of checking this theoretical structure against experimental 
fact. Ifthe perception of lifted weights is a function of inter- ' 
lift set, and if set is a muscular phenomenon, then we should 
be able to demonstrate the differentials involved with the use 
of these delicate recording techniques. Davis (4) has recently 
reported an electromyographic study of the simple reaction 
time experiment in which he found that muscular phenomena 
appeared to demonstrate the properties imputed to set. This 


study has rendered the present approach to the problem an 
even more reasonable one. 


weight lifting experiment, was given 
thod of constant stimuli, The weights 
and 108 grams rotated upon an Urban Table. Each 


5 by a brass electrode and small wire 1, idi 
signal system to be described in a later paragraph. Pew aes wire lead, providing a 


from E, О lifted the standard and replaced it within two seconds. At the end of 
1 “ H " 
a Cf. (6, p. 44). “The nerve centers, in which the motor Einstellung happens- 


* Ibid. (р. 37). “Bevor wir die Wirksamkeit dieser Y: 
der Versuche näher darthun. , . a irksamkeit dieser Einstellung an der Hand 


* Ibid. (p. 48). “The Einstellun, 


у g сап accordi: s M 
transmitted motor innervation and mi nely be adjusted to maintain a 


uscular activity, , |” 
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the next three seconds, during which E rotated the variable weight into position, О 
lifted the variable and replaced it within two seconds. Two categories of judgment, 
Н and L, were allowed. О was encouraged to report his judgment as quickly as possi- 
ble, although the time required for this was allowed to vary. Approximately 15 
seconds separated the successive presentations of weight pairs. A metronome beating 
once a second was present throughout the series, E’s movements and the table of 
weights were obscured from O by means of a screen through which O projected his arm. 
The lift was largely a wrist movement, and during the time O's hand was not in contact 
* with the weights it was suspended approximately one inch above them. 

In the experimental series, O was presented with 173 weight pairings in random 
order. The pairings were presented over a period of six days, with not more than 33 
pairings in any one day. Prior to each daily run, O was allowed five practice trials. 
During the recorded series, O sat in a shielded cage and was visually separated from the 
weights by means of a heavy screen. The active electrode was in surface contact with 
the dorsal side of the forearm (right) at the point of greatest enlargement, and through 
a conduit was connected with amplifying and recording systems in an adjoining room. 
The neutral electrode, placed upon the upper right arm, consisted of a thick felt pad 
dampened with saline solution, "The amplifying and recording systems used in this 
study have been described in greater detail by Davis (1, 2, 3). The action potential 
generated in muscle tissue is picked up by the electrodes, fed through four stages of 
amplification, and impressed upon a five-inch cathode ray tube, upon which it may be 
seen as a small, bright blue spot in rapid oscillation. ‘These oscillations are recorded 
upon photosensitive paper by means of a high speed moving film camera. Overall 
sensitivity of the recording system in this study was 3.66 microvolts input per .02 inch 
of film deflection. Amplification gain was linear down to I2 cp.s., а figure well 
under that required in the present study. 

Recorded in parallel with the action current were а in. 
and a signal line by means of which one was able to determine to within .o1 second the 
points of lift and replacement of weights. To provide the signal system, each of the 
weights was fastened to a brass electrode weighing 12.5 grams and was then placed 
upon a small brass plate attached to the surface of the table. The weights and plates 
were wired in series with a signal key, used by E to indicate when the judgment was 
given, and with a second oscillograph in the recording room. When a weight Was 
lifted, the break was recorded upon the film as a large deflection of the second oscillo- 
graph. This deflection was repeated when the weight was replaced. 


technique has been described in greater detail by Davis (4). EA к 
A continuous action current record was taken of each of the 173 pairings in the 


experimental series. One second prior to E's ‘ready? signal a second operator in the 
вада room signaled їо Е that recording had commenced. 1 E then um abu 
and the pairing was carried out according to the method described. : o е ithe ing 
173 sections of film, 46 were rejected for measurement because of | faulty 2 s Шр 
recording, or development. Remaining were 127 satisfactory pee: 7 у 
were H judgments and 50, Г judgments. These sections were distribu: y c js 
the following way: 84 grams (7 H, 17 L), 88 grams (12 H, 11 L), 92 grams ee d ^ nord 
96 grams (19 H, s L), 100 grams (15 H, 5 L), and 108 grams (5 d zac zn 
representing the record of one pairing was then marked off into the following Е : 


time line in .or second units 


This signal 


FP—Foreperiod, consisting of three seconds prior to PS 
PS *—One tenth second prior to standard lift 
.S—Standard lift 
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S-V—Period between standard lift and variable lift 
PV‘—One tenth second prior to variable lift 
V—Variable lift 
J—Period between weight replacement and judgment report 
PJ—Period following report of judgment. 


Each period was then marked off into .1 second units, and the greatest peak-trough 
difference in each .1 second unit was measured in fiftieths (.02) of an inch. The .1 
second unit here was arbitrary, the only requirement being that the unit should not 
be so large that it would obscure differential trends in action currents. Over 14,000 
measurements 5 expressed as microvolt input constitute the basis for the statistical 
operations of this study. 


EXPERIMENTAL REsULTS 
In the main, two questions may be asked of the data ob- 
tained in this study. First, can differential characteristics of 
. muscular action, such as would be demanded by a peripheral 
theory, be found when the data are separated upon the basis 
of H and L categories? Second, assuming that such charac- 


-teristics are found, what is the predictive efficiency from them 
to the judgment category? 


I. Characteristic Muscular Action By Category 
4. Inter-categorical Differences.—In Fig. 1 is shown the 
entire course of microvolt input when all weight pairings are 
combined upon the basis of H and L categories. The stations 
shown here are means of comparable tenths of a second plotted 
against. the temporal position of their Occurrence in the 
judgment Sequence. It may be noted first that when the judg- 
ment is H the course of input on the average lies under that 
for L judgments almost entirely up to the point of the second 
ift. Here it becomes very superior for the duration of the 
second lift, and then decreases in an inconsistent trend оп! 
down to the end of the Sequence. With the exception of the 
lift periods and a few points in the 5-7 period the differences 
between these means are not statistically reliable. But we 
may think of any given tenth of a second as being subject to 
an enormous amount of chance variation that will tend to 
mask the reliability of any one difference. The reliability of 


“The PS and PY periods are differentiated fro; 
here is unlike that of the lift periods, usi 
5 Nearly half these measuremen: 
thoroughly checked by the writer. 


г ers because the movement 
the foreperiod, or the 5-7 period. 
ts were made by NYA assistants and have been 
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the differential trend is unmistakable, particularly in the fore- 
period. If there we consider that at any one station the 
probability is 1/2 that the H mean will fall below the L mean 

‚ by chance, we may ask: What is the probability that by chance 
it will continue to fall below for 14 consecutive stations? Ex- 
pressed in this manner, the probability is (1/2) or approxi- 
mately’ six chances in 100,000 that the consistency of the 
entire trend is a chance function. 

Perhaps it may be suggested that, in terms of the final 
interpretation, the per-tenth-second analysis is not a fair treat- 
ment of the data, since the significance of any one such unit 
is relatively small. The proposition that the effect of one 
period of muscular activity upon a later one is more of a sum- 
mation effect is probably nearer the truth. Accordingly, in + 

- examination of the data from this point of view, a grouping 
technique was employed. The FP, S-V, J, and PJ were cach 
divided into three approximately equal parts, and the meas- 
urements therein, categorically separated, were averaged. In * 
addition, averages were found for the pooled first five .1 sec- 
onds of each lift period for each category, as well as for the 
PS and PV. Inter-categorical differences and reliabilities of 
differences were computed, as shown in Table I. 


TABLE I 


IwrER-cATEGORICAL DIFFERENCES BETWEEN Action Levers 
Wuen Att Weicuts ARE Сомвїхкр 


у | PA 
Mean 

45.01 | 48.06 | 58.61 | 84.20 | 78.07 8 А 
3 47.26 | 49.51 | 60.96 | 84.03 | 84.43 7780 | $0.24 


The clarity of the differences is 
technique. The foreperiod action 


increased by this grouping 
level for L judgments is 
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found to be generally reliably higher than that for H judg- 
ments, as is the central third of the S-V period. It will also 
be noted that when the judgment is L the tensional level of 
the standard lift period is reliably higher than that for H judg- 
ments, whereas in the variable lift period the tensional level 
for L judgments is reliably lower than that for H judgments. 
In the PJ period it will be noted that a marked difference 
occurs between the two trends at the 3rd, 4th, and sth .1 
second periods. If we combine all the H measurements at 
these points we find an average input of 72.19 microvolts as 
‘compared with the average of 68.17 microvolts for similarly 
combined L measurements. The ratio of this difference to its 
sigma is 2.63. Other than this, not much of significance can 
be noted in the two J and PJ trends, except that the tensional 
levels for both categories drop gradually down to the initial 
levels of the foreperiods. This demonstrates only that in 
these data there are no indications of muscular effects from 
* one pairing to another. 

The preceding evidence has demonstrated significantly dif- 
ferent trends in microvolt input which are related consistently 
to particular categories. It may be proper to inquire now 
whether this holds true when the data are classified as to 
weight as well as to category. When the statistical scores 
derived from data grouped as in Table I are summarized by 
weight it is noted that the only reversal of the general findings 
previously indicated lies in the S-V period for 84 grams. 
This reversal, however, is not statistically reliable. } 

B. Intra-categorical Differences —Ultimately, in describing 
what happens peripherally when weight pairs are judged as 
they аге, one should perhaps more properly point out intra- 
categorical trends than inter-categorical differences. Pre- 
sumably, the heavier-than-ness or lighter-than-ness of the vari- 
able stimulus is a functión largely of those events which have 
preceded it in the particular sequence ‘of which it is a part. 
If these events are muscular in nature, then one should be 
able to find them. 7 : 

Statistical summaries of the data obtained from the two 
lift periods for both H and L categories are shown in Table II. 


$ 
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TABLE П 


IwTRA-cATEGORICAL DIFFERENCES BETWEEN STANDARD AND VARIABLE LiFT 
PorENTIALs BY WEIGHT AND TOTAL 


84 gm. 88 gm. 92 gm. 96 gm. 100 gm. Total 


H L H L H L H L H L H L 


81.80 | 84.73 |78.62 |83.67 |76.31 |86.86 |77.95 [87.77 | 78.91. | 83.81 |78.07 | 84.43 
86.08 | 78.32 (87.77 |76.49 |82.28 |79.67 (83.39 |72.83 | 83.96 | 79.28 |83.57 77.80 


13.83 | 14.46 |11.68 116.36 |12.70 |12.66 [11.46 |10.21 | 12.59 | 12.33 |12.44 | 14.16 
11.46 |12.70 |12.41 14.68 |12.19 [12.22 |13.83 | 14.16 | 13.47 |13.80| 12.37. — 


чо wo wo 
= 
S 
D 


35 85] бо] 55] 95] бој 95| 25 75 25 | 385| 250 © 
35 85] 60] 55) 95] 60] 95| 25 75 25 | 385] 250 
Dif. | 4.28) 6.41] 9.15] 7-18] 5.97] 7-19] 5.44 |14.94. 5.05 | 4.53 X 
a Diff. | 3.17| 2.00 | 2.22| 2.76| 1.99| 2.26] 1.71| 3.43] 1.28"| 2.26% .94| r18 7 
I 1.35] 3.21] 4.12] 2.60| 3.00] 3.18| 3.18| 4.36| 3.95 | 2.00 | 5.81] 5.58 _ 


* Coefficients of correlation were considered here. 


_ The means shown here are derived from the pooled first five © 
«1 seconds of a given lift (S or V) of a given weight of a given 
category (H or L) of judgment. In the last column (Total) 
the measurements are pooled according to lift and category 
alone. It will be observed that when the judgment is H the 
action level during the variable lift is usually reliably higher — 
than that found during the standard lift. The converse occurs _ 
when the judgment is L, and it occurs without regard to the 
‘weight pair being compared. The only exception to this find- 
ing lies in the H judgments for the 84 gram pairing, and this 
exception involves only a reliability of a difference. | 

The computation of ratios between certain periods in the 
pairing sequence provides another method of examining the © 
data for intra-categorical trends. Upon the basis of compari- — 
sons of absolute tensional levels in the lift periods, as in Table ~ 
П, we are led to suppose that certain relations will be found — 
with the use of these ratios. For example, if the mean ac- | 

_ tion level of the variable lift period is lower than that of the 

standard lift period for L judgments, we should find that the 

mean ratio of S to Ё (S divided by F for each pairing) is larger — 
than that for. Н judgments. That this is the case is amply _ 
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shown in Table Ш. The mean of the 5/7 ratios for is judg- 
ments is reliably larger than that for H judgments by a critical 


ratio of 8.02. 
TABLE III 
IwTER-CATEGORICAL DIFFERENCES BETWEEN Means or CERTAIN 
INTRA-CATEGORICAL RATIOS 


Rati Rati i 
SV. FPIS БУ E27 
94.70 56.86 71.64 67.30 
109.30 56.44 69.92 75.90 
9.35 10.41 12.99 13.10 
10.51 11.16 1403 15.15 
77 74 77 77 
50 50 50 50 
14.60 42 1.72 8.60 
1.82 1.98 2.48 2.61 
8.02 2I .69 3.29 


Now it appears that the standard lift period potentials are 
categorically different. To explain this difference we are led 
to suppose that these two levels are functions largely of their 
preceding foreperiod levels. It follows, then, that FP; 
should bear the same relation to Sz as FP, does to 5н, and 
that there should not be a reliable inter-categorical difference 
between the mean ratios of foreperiod to standard (ЁР/$). 
Accordingly, the FP/S ratios, computed for each pairing, were 
categorically separated and averaged. Table III shows the 
ratio of this difference to its sigma to be only .21. 

The situation is similar with regard to the relation of S-V 
to S. If the two S-7 levels are functions of their respective 
standard periods, then S7; should bear the same relation to 
15, as S-F y does to Sy. When the ratios of 5-7 to S are 
computed for each pairing, categorically separated, and aver- 
aged, it is found that the difference between means is not 
reliable. The critical ratio of .69 shows that on the average 
the S-7 for L judgments recedes from its standard period in 
the same proportion that the 5-7 for H judgments recedes 


from its standard period. 4 
Finally, since it was found that on the average a rela- 


} Е 
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tively lower 7 level followed a relatively higher S—V level and 

conversely, it should appear that the mean ratio of 5-/ to V 

for L judgments is reliably higher than that for H judgments. 

Table III shows the critical ratio here to be 3.29. Apparently 

it has been demonstrated with the use of ratios that the S and , 
S-F periods for Н and L judgments are proportional to their 

immediately preceding periods, and that the V periods, on 

the average, bear an inverse relation to their respective S-V 

periods. 


II. Prediction from Action Current to Judgment 

In an attempt to answer the second question one may con- 
trol statistically the level of muscle action and observe within 
these controls the predictive efficiency from action level to 
judgment. It was noted in Fig. 1 that the action curve for 
H judgments undercut that for L judgments generally up to 
the V lift periods, Therefore, if we should combine into a 
single distribution all the H and L measurements obtained 
from a given period in the pairing sequence we should find 
that a greater proportion of L judgments is predicted from the 
upper extreme of the distribution than from the lower extreme. 
It follows that if an L judgment is predictable from a high 
action level the two extremes of any of the distributions 
should differ reliably in the Proportions of Z judgments which 
they predict. For the examination of this proposition we 
computed the percentages of L judgments predicted from the 
extremes of the FP, S, and S-V distributions and of the ЈУ . 
ratio distribution. "These are shown in Table IV together 


TABLE IV 


Prepictions or L Juvcments rrom Extremes or Сомвікер H-L Distrisutions 
AND FROM S/V Ratio DisrRIBUTION 


Foreperiod 
I———————4 
N %L 


42.00 
31.00 
11.00 

3-35. 


3-28 
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with reliabilities of differences between proportions. It ap- 
pears from these results that reliably differential prediction 
may be made from the extremes of these distributions. The 
general principle indicated here holds true whether we com- 
bine measurements from an entire period in the sequence or 
deal only with measurements at a given tenth of a second. 


III. The Transition Point and V/S Ratios 

The analysis of the data thus far has indicated that the 
perception of lifted weights is most likely a function of the 
relation between action potentials during standard and vari- 
able lifts. This has been demonstrated regardless of whether 
we proceed from category. to action level (Table II) or from 
action level to category (Table IV). Now if we consider fur- 
ther the ratio of each variable lift to its standard lift, a more 
critical examination of this proposition becomes possible. A 
VIS ratio of 1.00 would seem to indicate that, as far as con- 
comitant muscular action is concerned, there is no heavier- 
than-ness or lighter-than-ness. In other words, it would in-, 
dicate a transition point in muscular action. If H and L 
judgments are functions of V/S ratios, then the transition 
point in muscular action should correspond closely to the 
transition point in judgment, the 5o percent point. 

In order to test this proposition, we computed the mean 
VS ratio for each weight employed ê and plotted it against 
its respective weight, as in Fig. 2. Upon the same set of 
axes was plotted the psychometric curve of H proportions. 
Now if we drop perpendicularly from the ratio curve at the 
point V/S=1.00 to the abscissa we find that the point. of 
intersection is equivalent to 86.25 grams. By interpolation í 
of the median upon the p-curve we find a transition point of 
87.65 grams. ‘These two.computations, of course, assume lin- 
earity between the points involved on both the ratio and p- 
curves, and it may well be that the assumed linearity is 
responsible for the fact that the computed weights do not ex- 
actly coincide. 

Interesting enough in its own ri 


curve and its relation to that of the p-curve. 
the 108 gram weight was excluded, 


ght:is the form of the ratio 
In general it 


* Since there were only five measurements for it, 
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appears that the ratio curve rises as the p-curve, but with 


greater negative acceleration. This ‘diminishing returns’ fea-: 


ture suggests as one possible interpretation that we are dealing 


here with what may be the upper portion of an ogive, and that 


© 
e 


è 


Н PROPORTIONS 
чт 
о 


e 
е 


20 —-— RATIO CURVE 


——— P= CURVE 


a dh 92 96 100 108 


WEIGHT VALUES 
. Fm.2. The V/S ratio curve and the psychometric curve of H proportions. 


the hypothetical lower porti ; 

weight stimuli did not ed fee Sane Ee de 
transition point. If this should b 
that the difference in muscular ac 
and variable lift) that is necessary 
different follows a law of diminishi 


ugh below this particular 
€ the case, it might mean 
tion (between standard lift 
in order to be perceived as 
ng returns on either side of 


» 
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the transition point. This may represent a lag in muscular 
activity as compared with the stimulus weight, or—possibly 
—the sensation as progressing more slowly than the stimulus. 
At any rate, the data are more suggestive than conclusive. 


Discussion or RESULTS 


It appears that the results of this study have shown that 
the properties imputed to Einstellung (central disposition) by 
Miller and Schumann serve to characterize muscular activity 
during the perception of lifted weights. To the extent that 
they do characterize this activity they would seem to indicate 
a peripheral theory based upon the assembly of relationships 
to be found in the Müller-Schumann proposal. In his dis- 
cussion of peripheral theory, Davis (2, page 5 f.) suggests that 
“it might require the occurrence of different patterns of mus- 
cular activity for different psychological processes, and, con- 
versely, of the same motor pattern for the same psychological 
processes on all occasions.” Clearly these results have shown, 
not simply a general muscular accompaniment of this judg- 
ment process, but differential trends in activity that are re- 
lated consistently to particular categories. "These differential 
trends were found, not only when the analysis proceeded from 
category to action level, but also when it proceeded from action 
level to category. 

Further examination of the relationships between the vari- 
ous periods within the pairing sequence revealed that the 
greatest predictive efficiency from action level to category was 
yielded by the extremes of the V/S ratio distribution. А The 
hypothesis was then suggested that the transition point ш the 
ratio series (V/S = 1.00), when interpolated into the weight 
series, should approximate the transition point interpolated 
upon the p-curve for H judgments. The suggested close ap- 
proximation was found. The major. fact, therefore, which 
seems to require interpretation is that, as far as muscular 
phenomena are concerned, the. judgment is à function of the 
ratio of variable lift to standard lift. — а і : 

Now it is difficult to see how the muscular action during 
the variable lift can be accounted for without reference to the 


С è á 
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action that has preceded it in the pairing sequence. There- 
fore, let us inquire about the conditions obtaining at the time 
of the standard lift. It appears here that the lift of the same 
stimulus weight (100 grams) produces tensional levels which, 
when separated according to their correlated categories and 
averaged, are found to be reliably different. This difference 
would be an exceedingly difficult one to rationalize were it 
not for the supporting fact that the higher standard lift is 
preceded by the higher foreperiod level. The interpretation 
is now suggested that the L standard lift is higher than the H 
lift because the stimulus weight intrudes upon a higher level 
of activity already in progress. That this assumption is not 
wholly without support is indicated by Davis (1, page 20 f.) 
who, working in an entirely different setting, concluded, ** Pre- 
vious activity favors larger'responses, previous quiescence 
small . . . the muscle tension response . . . is not subject to 
direct voluntary control, but is facilitated or inhibited, or both, 
by previous conditions.” If this is the case, then the condi- 
tions-leading-to-judgment are partially established as far back 
as the foreperiod. А 

Similarly, this same principle seems to account very well 
for the two action levels during the S-V period. It was 
shown in Fig. т and Table III that 8-7 н recedes in proportion 
to S as S-V, does to Sz; and nowhere in this period is there 
reason to suppose that the action trends are representing any- 
thing more than their respective preceding activities. 

At the beginning of the variable lift, however, the state 
of affairs appears to be more complex and not readily resolved 
with the use of the aforementioned principle. As with the 
Standard stimulus weight, the lifting of the same variable 
weights produces tensional levels which, when categorically 
Ei tne ea cent n dioc 
lift are the reverse of th 4 oe Es he uu 
the lower lift is now E pissed the fins Bio mi, that 

н 5 preceded by the higher action level. One 
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be a partial function of some sort of perceptual activity en- \ 
gaged in by О at the beginning of Й. In fact, this is necessary 
if the judgment is to bear any relation to the actual weight of 
the variable. It is clear that the Aufgabe forces the begin- 
ning of the V lift into prominence as the psychologically criti- 
cal period of the sequence. We may say then that the mag- 
nitude of muscular action during the / lift is determined by 
two factors, viz., the preceding organismic condition (S-V 
level), and the size of the weight itself." 


SUMMARY AND CONCLUSIONS 


The suggestion was made that popularly employed the- 
ories of the problem of successive comparison were derived, 
not from contact directly with an experimental datum, but 
indirectly from psychophysical data. In order for us to ex- 
amine the possibility of a peripheral theory of the perception 
of lifted weights, we obtained a continuous electromyographic 
record of the performance of one trained subject during the 

. judgment of 127 pairs of weights. Two categories of judg- 
ment, H and L, were allowed. Under the conditions of this 
study, the results seem to support the following conclusions: 

1. Differential trends in muscular action were found when 
the data were separated as to weight-category and category. 

2. Reliably differential predictability from action level to 
category was found. 

3. Statistically reliable differences were found between the 
two lift periods within a judgment category, and between the 
two categories at comparable lift periods. i 

4. The conditions-leading-to-judgment are partially estab- 
lished as far back as the foreperiod. f 

: 5. There is no evidence of muscular effects Írom one pair- 
ing to another. б 
6. As far as muscular actionis concerned, the judgment 
of lifted weights is a function of the ratio of variable lift to 
standard lift. } ў 
7. The absolute magnitude of muscular action during th 
1 See Fig. 2. The ratio of variable lift to standard lift increases with the size 


of the weight encountered. 


e 
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* standard lift is determined by two factors, viz., the preceding 
foreperiod activity, and the weight encountered. 

8. The magnitude of muscular action during the variable 
lift is determined by two factors, viz., the organismic condi- 
tion (S-7 level), and the size of the weight itself. 

9. The weight value which indicates equality in standard- 
variable muscular action corresponds closely to that which 
indicates equality in judgment. 

то. The close correspondence between properties of mus- 
cular action during weight lifting and properties imputed to 
Einstellung and physiological trace suggests that these con- 
cepts may be reformulated into a peripheral theory of the 
perception of lifted weights. 


(Manuscript received April 3, 1940) 
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SOME FACTORS IN ESTIMATING SHORT 
TIME INTERVALS 


BY A. R. GILLILAND 
Northwestern University 


(wiTH THE coórERATION or MR. RICHARD MARTIN, 
Western. Reserve University) 


In an earlier study ! attempts were made to discover some $ 
physiological process or processes which operate in estimating 
time. In this study pulse rate, breathing rate, heart work, 
lung work, and blood pressure changes were found to have no 
significant correlations with time estimations. In a prelim- 
inary study,? which has just been completed, no relationship 
was discovered between psycho-galvanic changes and time 
estimations. Gardner? found no relationship between basal 
metabolic rate and time estimations. The evidence presented 
by Francois * and Hoaglund® does not seem to justify the 
assumption of some king of internal time clock for the estima- 
tionoftime. Although there may be some other physiological 
changes which form cues for time estimation, the evidence 
now available suggests that the factors in time estimation are 
mostly external, that is, time is inferred * from events taking 


1 Gilliland, A. R., and Schaefer, У. G. The relation of time estimation to certain 
physiological changes. J. exp. Psychol., 1938, 23, 545—552. ў ) ' 
? The evidence in this preliminary study was not conclusive and this problem is 


receiving further study. а f 
з Gardner, W. А. Influence of the thyroid gland on the consciousness of time. 


Amer. J. Psychol., 1935, 47, 698-701. À ў 

* Francois, М. Contribution à l'étude du sens du temp. La témperature interne; 
comme fasteur de variation de l’appréciation subjective des durées. Li Année Psychol., 
1927, 28, 186—204; and Influence Че la temperature interne sur notre appréciation du 
temps. C.R. de la Soc. de Biol., 1928, 98, 201-203, j h 

5 Hoaglund, H. The physiological control of judgments of duration : Evidence for 
a chemical clock. J. gen. Psychol., 1933, 9, 267-287; and The physiological control of 
judgments of duration. Am. J. Psychol., 1934, 109, 54- eU i 

% It is not to be understood from this statement that there are no incipient physio- 
logical correlates of time perception. There are certainly such in the sense that there 


"are physiological correlates or equivalents of all mental processes. x 
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place outside the body rather than from physiological proc- 
esses of the type mentioned above going on within. 

The principal study to be reported in this article is a com- 
parison of the effectiveness of estimating time by counting 
with that of estimating time without counting. A study was 
also made of the possible effectiveness of estimating time by 
counting as compared with that of estimating time without 
counting after practice. 

College students, when asked to estimate the length of 
short time intervals, almost invariably use some method of 
counting. In one group, which was typical, most of the sub- 
jects (82 percent) tried to count to themselves at the rate of 
one per second. Others (8 percent) tried to estimate the rate 
of movement of the second hand of a clock and count the 
seconds in this way. A few others tried to tap with their foot 
or nod their head once per second. A still smaller number 
tried to estimate the intervals by counting their heart-beats 
or breathing rate. 

Is some kind of counting important or can time be esti- 
mated equally well without counting? This is the principal 
problem of the present study. Of course, it is at once appar- 
ent that counting is not essential in time estimation because 
we can make some kind of estimate of time that has passed 
when we were not expecting to make an estimate. For ex- 
ample, if we are asked how long since a bell has Tung, we can 
often make a fair guess even though we have not been intend- 
ing to estimate the time and certainly did not count. But 
Can we estimate as well when we do not count, and, if not, 
how important is the counting? 5 Е 


Four different grou, 
"There was a total of 301 subjects in the four groups: 70 in Group I, 


- i 
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The subjects were provided with a mimeographed sheet for recording their estimations. 
"They estimated the length of each interval immediately after the last click bounding 
the interval. 

In the first part of the experiment the students were told that they were to estimate 
the length of the intervals to the best of their ability. No mention was made con- 
cerning the method they were to use except that they were not to look at a watch or 
at their neighbor's report. After first series of intervals were presented, the subjects 
were asked to indicate what method they had used. Some of the common methods 
were described to the students, but it was pointed out that there were other methods 
than those mentioned. Since there was such a universal tendency for the subjects to 
count when no directions as to method were given, these trials will henceforth be called 
the counting series. Immediately following the first experiment the intervals were 
again presented but in another order. In the second estimation the subjects were 
directed not to count. Emphasis was placed upon not counting or using any method of 
filling in the time interval. The first group was asked whether they had succeeded in 
not counting and almost all of them believed they had not counted. The second group. 
tested were advanced psychology majors. They were tested in two separate sub-groups, 
and close observation as well as their own reports indicated that except in a very few 
cases they did not count. The third and fourth groups were first allowed to count and 
then retested. Following the retest the subjects in the third group were asked to 
indicate on a five point scale whether or not they thought they had counted. The 
results indicated that they believed in almost every case that they did not count or 
use any internal factor of which they were aware in their estimating. 

Of course this does not prove that the subjects did not count, Counting may 
have been unconscious and yet effective as an aid to estimating time. Since it ie 
impossible for the mind to remain a blank while we are awake, some sort of material 
must have filled the interval between the two clicks of the sounder. It is also true that 
although this time was not filled by deliberate counting, it, no doubt, was filled with 
material which formed a basis for some kind of grouping. This grouping, whether 
conscious or unconscious, could well form the basis for the estimation of the length of 
the interval. While in a sense this might be considered only a poorer form of counting, 
it is so different from the deliberate counting that we seem to be justified in considering 
the two methods of estimating as essentially differeat—one in which there was counting, 
and the other so different in nature that we may well call it not counting. | è 

About two weeks after the first test the experiment was repeated with all four 
groups. Altogether there were about 5,000 estimations made with counting and the 
same number without counting, Errors in estimation were determined by taking the 
difference between the correct time and the estimated time of each interval for each 
subject. The direction of each error was indicated by a plus sign for errors in which the 
estimated time was longer than the correct time and a minus sign when it was shorter, 
However, in the data presented here the direction of the error was not есе 
except in Table V. In all other cases, minus and plus errors were not Lari , 
The percent of error was determined by dividing the amount of the error by the correct 
time. Other methods of indicating errors were considered and even tried out but were 


discarded in favor of this method. 


The following tables (I-IV) give a summary of the results 
for each of the four groups used in the study. For all four 
groups the median percent of errors for the two tests with 
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TABLE I 
70 Cases 
Median Percents of Errors in Estimation 


II 
12 
1 
18 
19 
22 
27 

Combined 

median 


TABLE II 
32 Cases 
Median Percents of Errors in Estimation 


counting and the two withou 


t counting are given. Medians 
rather than means were calc 


ulated because, although the dis- 
tributions were almost no 


rmal in the middle ranges, there 
were often a few large overestimations which would have had 
undue influence on the means. As already stated, in the first 


four tables the median percents of errors are calculated with- 
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out regard for the sign; that is, the errors in either direction 
are treated only as that amount of error. The data are ar- 
ranged in order of length of the time intervals estimated, but, 
as already stated, they were not presented in that order for 
estimations. In these tables the median for each time in- 
terval is given separately, but the medians are also combined 
into a general median for each counting and not counting 


series. 
TABLE III 
тоо Cases 
Median Percents of Errors in Estimation 


4 

Time Intervals | Counting Not Counting | Counting | Not Counting 
Secondi 

Error | Sigma | Error | Sigma Error | Sigma 

4 29.9 | 2.90 2.90 

6 19.3 | 240 | 343 | 3.50 2.75 

8 260 | 2.22 | 34.7 | 2:90 1.65 

II 18.6 2.40 .3 3.50 3.20 

14 25.0 | 2.60 | 32.0 | 2.60 2.90 

18 27.0 | 2.22 | 43.7 | 1.86 2.60 

22 28.0 2.90 35.0 | 2.22 2.90 

27 22.7 1.86 | 45.3 2.60, 2.40 

Combined 
median 26.7 45 | 34-2 | 1.02 9з 
GR. = 5.95 = 8.03 
TABLE IV 


81 Cases First SERIES 
98 Cases Seconp SERIES 


Median Percents of Errors in Estimation 


Not Counting 


Time Intervals Counting 
in 
Second: 
Ин; Error | Sigma | Error Error | Sigma 
| 294 | 3:95 
4 26.2 2.10 28.5 ) 
6 184 | 1.95 | 307 520 Н 79 
‚8 25.0 1.60 28.1 222 ae 
п 16.9 | 2.00 | 28.5 42.5 pur 
14 12.8 1.60 27.6 dos 1 
18 17.7 1.30 30.0 nae es 
22 12.2 | 1.20 | 33-7 бота 
27 17-3 196. | 28.6 Д 
Combined 
median 17-4 .81 | 29.0 44-7 | 123 


= 
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; TABLE V 
MzpraN Extent AND Direction or Errors IN TIME ESTIMATION FOR 100 SUBJECTS 


Time Intervals 
in Seconds 


$ 


8 
її 
14 
18 
22 


27 
Median for 
each series 
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Since the experiment for counting and not counting was 
repeated, it is possible to determine how much consistency 
there is in the estimation. "This was determined by combin- 
ing the errors for each of the seventy subjects in group I for 
each of the two series of estimates when counting and when 
not counting. These errors were then correlated. In this 
correlation the averages were computed algebraically, i.e., by 
observing the signs which indicate the direction of the error. 


The correlation between the errors 
ferent tests taken about two weeks 


for counting on two dif- 
apart for Group I is .65, 


9.09; between not counting it is :50, 6.10; between counting 


and not-counting but taken immedi 


ately after the other it is 


60, 7.09 and .68, 7.07. The correlation for the 32 subjects of 
Group II for two successive counting series is .88, 0.05; 


and for a counting and non-counti 


ng series it is .83, 0.07. 


The correlations for Group II are higher than for Group I, 
` probably because the subjects gave 
theirestimates. In all cases there is considerable consistency 
in the estimates from one time to another either when count- 


ing or not counting and even bet 


more careful attention to 


ween counting and non- 


counting. The median percents of error on the two trials for 
the first groups of 70 subjects when counting is 27.6, c1.18and 
26.7, 01.00, and for not counting it is 27.6, ст.оо and 28.2, 
7.83. The critical ratios are o and 1.15 showing that the dif- 


ference in favor of counting is very 
the second group the percents of e 
01.75 and 24.9, 1.38, and for not 


small for this group. In 
rror for counting is 28.9, 
counting it is 29.1, 01.80 
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and 28.3, 01.73. The critical ratios are .08 and 1.54 which 
does not indicate that they are necessarily significant differ- 
ences but they are consistent and in the same direction as 
Group I. In the third group the median percents for counting 
are 26.7, 0.75 and 27.7, «1.03 and for not counting 34.2, 01.02 
and 39.3, ¢.93. The critical ratios are 5.95 and 8.03 which 
are much larger than for the first two groups. 

In Group IV the median percents for counting are 17.4, 
o.81 and 25.4, ¢.85 and for not counting they are 29.0, v1.05 
and 44.7, «1.23. The critical ratios are 8.8 and 12.8 showing 
that the differences are unquestionably significant. 

Let us now consider the main facts brought out by the 
study. In the first two experimental groups there is not a 
great difference between the errors in estimation for counting 
and not counting. However, in all but one part of one ex- 
periment there were somewhat more accurate estimations dur- 
ing counting. The errors tended to be proportional to the 
length of the interval. They generally ranged between 25 
and 30 percent. These subjects gave very careful attention 
to the experiment and estimated as accurately as possible. 

It is difficult to determine what cues are used for estima- 
tions without counting. It is very reasonable to assume that 
some kind of internal physiological process provides the cues, 
but as already mentioned, we have been unable to find evi- 
dence for such an explanation. Sub-vocally repeating num- 
bers serially also gives an immediate basis for a response, 
that is, the subject is ready to respond with the last number 
he has repeated as soon as the interval is completed. 

Although the mental content may be meager it may yet 
provide the basis for time estimation either when the subject 
counts or when he does not count. Some of our studies not 
yet published as well as those by Gullickson 7 and Harton ê 


clearly indicate that when the time interval is filled with ac- 


tive mental processes the nature of the filling makes a great dif- 
y lengthen or it may 


ference in the estimations. It may greatl 


shorten the apparent length of the time. 


т Gullickson, Н. Occupation and perception of time. J. exp. Psych., 1927, 10, 


52-59. à € e * B n " 
5 Harton, J.H. The influence of degree of unity of organization on the estimation 


of time. J. gen. Psych., 1939, 21, 25-49. 
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In contrast to the first two groups the third and fourth 
groups gave only casual attention to the experiment. This was 
especially true when the experiment was repeated. Inthe first 
estimates while counting the errors were of about the same 
order as the first two groups. In fact in Group IV in the first 
estimates with counting the errors were smaller than in any 
other part of the experiment. When these subjects estimated 
without counting the errors were greater and the differences 
were statistically significant. When the experiment was re- 
peated the estimates without counting were on the aver- 

age about one-half larger than with counting. This fact is 
brought out in another way by the larger sigma values. "There 
was also nearly one-third more errors in estimation of over 
100 percent in the second test of the group giving least atten- 
tion when they did not count. This advantage for counting 
when the subjects were not so attentive probably comes from 
several sources. Counting provides a convenient mental con- 
tent for filling in the time interval. It is more constant than 
most other types of mental content. The motor rhythm of 
counting gives further clues by which the subject may tend to 
_keep his estimates of the length of a second constant from one 
judgment to another, 

{ In order to determine the general direction of errors, Table 
Vis presented. In this table the median percents of error are 
arranged algebraically. This table gives the direction of the 
errors for the third group of one hundred subjects. Inspec- 
tion of the data for the other groups indicates that the results 

‚ are also similar for these groups. These results show that 
there is some tendency for subjects to overestimate time in- 
tervals on the first few trials. (The order of the first eight 
few tale desi a ede) After the first 

general tendency to underestimate the 
se On successive esti- 

t 4 as some invesitgators have 

found, in relation to the length of the interval. This might 


ncy for an increase of tension 
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to be longer than it actually is. This problem deserves further 
study. 

The Sense of Time test of the Seashore Tests, of Musical 
Talent was also given to 52 of the first group of students and 
the results correlated with their time estimation scores. The 
correlation with the counting series was .06, ¢.12 and with the 
non-counting series it was .19,¢.12. These results indicate 
that there is not a very close relationship between ability 
to estimate short time intervals of several seconds and the 
ability to discriminate the longer or shorter of two intervals: 
of approximately one second each. Whether the low correla- 
tions are due to the difference between the length of the in- 
tervals estimated, or to the different methods of estimating, 
cannot be determined from this study. Probably both were 
contributory factors. Е 

Most earlier studies ? of time estimation have shown теп. 
to be more accurate in their estimations than women. The 
first and third groups used in the present study were separated 
according to sex. In both groups the women did slightly 
better than men, but in neither group was the difference sta- 

А Comparison оғ Men AND Women on Time Estimation Grouer IIT 


Counting . Not Counting 
27.8 37.03 


. 26.2 36.25. ; 
tistically significant. It is probable that formerly women 
were not so often called upon to estimate time, but, at least 
in the modern college population, women are now called upon 
to make as many and as accurate time judgments as men. 
Although we have found that time estimation for good 
subjects is only slightly more accurate with counting than 
without, a further question arises as to whether by practice 
counting might not become a greater aid in estimating time. 
In order to test this hypothesis three supplementary experi- 
ments were conducted. One group of 16 advanced under- 
graduate students were given four practices in estimation on 
alternate days during which they were permitted to count. | 
This was followed by three additional practices in which they 
* Gulli it. ine, D., De l'Orientation de l'Enfant d'Age 
а Ores oux po Psychol. Nor. et Pathol., 1928, 28, 425-429. 
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did not count and by four more trials in which they counted. 
The order of presentation of the intervals was varied from 
trial to trial and the subjects did not know the length of the 
intervals they were estimating. Table V presents the median 
percents of errors for each interval for each trial together with 
the means of these medians. This experiment indicates, as 
might be expected, that there is no improvement in estimation 
due to practice without knowledge of the amount and direc- 
tion of the error. The extent of the errors is typical for good 
subjects both when they are counting and when they are not 
counting. 


TABLE VI 
Suowinc MEDIAN Percents or ERROR AND MEANS or THESE PERCENTS FOR SIXTEEN 
Supjecrs ın Exeven Successive Practice Periops 1х Time Estimation, 
WirHour KNOWLEDGE or THE Direction AND EXTENT or ERROR 


Median Percents of Error 


Not Counting 


Counting Second Series 


No. of Trial....... 8 9 10 її 
H 14 | 16 | 25 | 25 
8 25 | 21 16 | 16 


25 


2, 
Means of the errors | 20.7) 21.2 


‘Another advanced class of 26 students was divided into 
two equal groups and given six practice periods in time esti- 
mation. One-half estimated by counting and one-half with- 
out counting. After each estimate was recorded, the length 
of the interval was announced so that the subjects knew the 
direction and extent of their errors. In order to prevent the 
subjects from learning to estimate the intervals as of any 
standard length the intervals were varied above or below the 
standards used in the other experiments. Table VII gives 

. the median percents of error for each of eight intervals for 
the six practice series. It is Very evident from these results 
that knowledge of the true time of a preceding interval makes 
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TABLE VII 
Snowinc Mepran Percents ОЕ Error AND MEANS OF THESE PERCENTS FOR 26 
Susjecrs on Six Practice Periops 


Half of the subjects counted and half did not count. After each estimate the 
subjects were told the length of the interval. » 


Median Percents of Error for Each Group 


Time Intervals 


у Hh 
sein Counting Group Not Counting Group 
No. of Trial...... ИЕС ЫЕ: 
3-4 25 4 о |o |o 20 
5-6 8 |17 | o |17 14 
7-9 12 |12]|0]|6 II 
10-12 4|o[jol|o9 8 
13-15 74] Zul oz 3 
17-19 п |17 | o ји 6 
21-23 4|9|5s|9 5 
26-28 7|]81|7]|9 8 
Means of the 
errors 9.7| 9.1| 1.5] 8.5| 5.0| 9.4| 27.0) 


it possible for subjects to become very accurate in time esti- 
mation when they are allowed to count; but it does not seem 
to be nearly so much help to the subjects when they do not 
count. In fact, without counting there is little improvement _ 
with practice and the precents of errors remain about as large 
as for persons estimating without knowledge of their errors, 
On the other hand, counting can become a very decided aid 
to time estimations to those who practice such estimations 
with a knowledge of their errors even after a very few trials. 
Errors are reduced on the average to between 5 and 10 percent 
with half a dozen practices on a series of eight estimates. 


SuMMARY | 


In summarizing the results of this study we.may say that 
typical college students, when estimating short intervals of a 
few seconds in length and when left to use their own methods, 
almost invariably use some form of counting. Using such 
methods, giving careful attention to their estimations, they, 


on the average, make errors of from 25 to 30 percent. These 


i i imati restima- 
errors may either consist of overestimations or unde i 
eries are likely 


tions. As а rule, the first few estimations in a $ 
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to be overestimations, but after a few trials they are more 
likely to be underestimations. 

Although most people count when permitted to do so, when 
they are actively engaged in making estimates they can make 
almost as accurate judgments without counting. Of course, 
we have no objective evidence, other than their own state- 
ments, that our subjects did not count when they were not 
supposed to count. But counting, if it did occur, was un- 
known to the subjects and it is unlikely that anything overt in 
the form of counting occurred more than occasional thoughts 
of larger intervals, like, “now it has been 5 seconds," “то 
seconds,’ and ‘25 seconds,’ and the like. There was, of 
course, some kind of mental content during these estimations. 
Groupings of this mental content probably constitute the cues 
for time estimations. Through previous experience we have 
learned about how much mental content passes through the 
mind in any given length of time, Changing this mental 

. content, we have found, changes our estimates. 

When subjects give only casual attention, their estimates 
are almost as accurate when they count as subjects who attend 
closely to the interval. In this case, the counting gives the 

` cues for estimation. When subjects giving only casual atten- 
tion do not count, they have no adequate cues, and they make 
errors which in one part of the experiment averaged one-half 
larger than when they counted. 

The percent of error in estimations tended to be approxi- 
mately the same for the different intervals estimated, Similar 
Percents were also obtained in some intervals of 140 seconds 

which were used in part of the experiment. From these facts, 
Jt seems that, although not all the earlier studies have found 


evidence for the fact, nevertheless the Weber-Fechner Law 
holds true in time estimation. 


There is considerable consiste: 


This consistency includes both the direction and the amount 
of the error. There is little differe: 
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Although counting is not very effective with the ordinary 
person in the estimating of time, it can become very effective. 
With only a small amount of practice errors can be reduced 
on the average from 25 to 30 percent to 5 or 10 percent by 
counting. Practice without counting does not result in such 
improvement. From this part of the study, it seems that the 
motor rhythm of counting can provide further cues for time 
estimation. This is especially true when one’s casual atten- 
tion is given to the estimation or for the highest degree of 
efficiency in estimation as a result of practice. 


CONCLUSIONS 


This study gives further information both about how ac- 
curately as well as how we estimate time. Since estimation is 
one very important feature in time perception, it has both 
practical and theoretical implications. It is not necessary to 
point out here the practical importance of developing methods 
of better time estimation. 

Time and space perception are two fundamental problems 
in psychology as well as in many other sciences. William 
James and more recently the Gestalt psychologists have con- 
sidered time and space to be very similar in many respects. 
However, there is considerable doubt about their similarity 
at least in genesis, accuracy, and the cues used in perception. 
Certainly, space perception is more fundamental, and it prob- 
ably develops first in the child. It is, no doubt, more accu- 
rately perceived. In estimating space the cues used are 
largely kinzesthetic sensations from accommodation and con- 
vergence together with parallax, size of retinal image, etc. 
In time estimation we have not been able to find any such 
cues being used, and it is beginning to appear that time is 
perceived from some very different cues than those used in 


space perception. i | 
Two further studies in time perception are now 1n progress. 


One deals with estimation versus reproduction of ча уч 
tervals with children and adults. Another will compare body 


tension changes with time estimations. 


(Manuscript received April 8, 1940) 
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CRITERIA OF READABILITY 


BY MATTHEW LUCKIESH AND FRANK K. MOSS 
Lighting Research Laboratory, General Electric Company, Nela Park, Cleveland 


In various arts and practices concerned with vision and 
seeing, rate of reading has been assumed as a criterion of ease 
of reading or readability as the latter is influenced by the 
physical characteristics of the materials read or by the environ- 
ment in which the reading is done. It will be noted that this 
restricted concept of readability does not include a considera- 
tion of possible unique characteristics of the reader which 
might influence his efficiency in reading. In conformity with 
this limited viewpoint, the present discussion of the criterion 
of rate of reading pertains to its application in the fields of 
typography and illumination rather than in the diagnosis of 
reading disabilities. Specifically, it has been assumed by 
various investigators that an improvement in visual conditions 
will result in an increase in the rate of reading. This is 
usually found to be the case. However, the differences in 
rate of reading materials which differ markedly in physical 
character are usually small and apparently unimportant from 
the socalled practical viewpoint. Furthermore, the relative 
influence of a given variable upon readability, as indicated by 
tate of reading, is often not even in qualitative agreement 
with that indicated by other criteria of readability (1). 
| As a by-product of a series of Tesearches in seeing (2), 
involving reading as a visual task, we have accumulated a 
mass. of data on the normal or usual rates of reading of 
subjects Possessing normal vision and perhaps better than 
average ability in reading. "These data, obtained under 
carefully controlled laboratory conditions, are presented herein 
as a basis for appraising the adequacy of rate of reading as a 
criterion of readability and, more generally, of ease of seeing. 
Obviously, such an appraisal requires a comparison of the 
results so obtained with those indicated by some other 
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criterion which is considered to be significant as a measure of 
readability. We have proposed and used (2) the rate of 
involuntary blinking while reading as such a measure in more 
than a score of major researches systematically arranged to 
test and appraise this criterion. 

The significance of this criterion of ocular strain or effort 
is suggested by the statement of Ponder and Kennedy (3) 
"that the rate of blinking is closely related to the mental 
tension of the subject at the time and that in all probability 
the movements constitute a kind of relief mechanism whereby 
nervous energy otherwise unutilized passes into a highly 
facilitated path." Furthermore, Blount (4) concluded “that 
one of the reasons for blinking is to allow alteration to take 
place in the tension of the ocular muscles and thus eliminate 
early fatigue.” It is not implied that we consider the rate of 
involuntary blinking to be a complete and final criterion of 
readability. However, it is a fact that we have used this 
criterion in more than a score of investigations (5) and have 
obtained, without exception, consistent and reproducible 
results. Some of these are presented in Fig. 1. 

The present appraisal of the significance and the usefulness 
of rate of reading, as a criterion of readability, is based 
primarily upon the behavior and performance of the readers 
rather than upon theoretical considerations pertaining to the 
processes of reading. Obviously, any useful criterion must 
yield statistically significant differentials for visual conditions 
and materials usually encountered in practice. Therefore, 
our investigations involved the reading of such materials under 
usual, or practically obtainable, visual conditions which were 
carefully controlled and specified. All our subjects were . 
selected at random from technical and clerical groups and 
were instructed to read at their usual rates and with their 
usual attitudes. In fact, participation in similar investiga- 
tions has been a matter of routine for our subjects for many 
years. Thus it may be assumed that their reactions were not 
unduly influenced by the novelty of the experimental situa- 
tions or by a specific technical interest in tbe researches. 
The reading matter may be described as informative and not 


of an emotional character. 
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VARIABLES К RELATIVE RATE OF BLINKING 


ТҮГЕ 100 bi 
ILLUMINATION ON BOOK 
(ONE HOUR OF READING) SAU ea 
RATION OF READING 
IRST AND LAST 5-MIN.OF 1 HOUR) >= 2E 
GLARE WHILE READING F [ 
(25 L. АТ 20° à 


EYEGLASSES WORN [ В 
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I2-POINT. 6- 
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TYPE-FACE OF 
TEXT MATTER ". Ar 
| " ы 
COLOR OF PAPER OF nr nr 
PRINTED TEXT MATTER 
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М 100 104 " n 
LEADING OF TYPE READ [ | || 
6-POINT 3-POINT 2-POINT SOLID-SET 
TASK REQUIRING RAPID joo 
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Although the socalled normal rate of reading is emphasized 
in this discussion, it is not implied that we consider data 
pertaining to the maximal rate of reading for brief periods 
to be valueless, but rather that the influence of a given visual 
factor upon readability is not necessarily the same under the 
two conditions. For example, it should be obvious that the 
criterion of maximal rate of reading involves the factor of 
compensation to a maximal degree—a characteristic which 
greatly increases the complexities involved in the interpreta- 
tion of the experimental results. In brief, the criterion of 
maximal rate of reading emphasizes the factor of ‘work- 
output’ and minimizes that of ‘effort expended’ in performing 
the task (6). Obviously, a consideration of the latter factor 
is essential in any adequate measure of readability. 


LEVEL or ILLUMINATION 


The data of Tables 1-4, I-B and I-C indicate the effect of 
illumination upon the normal rate of reading for periods 


* TABLE 1-4 А 
Tue Normat Rate or Reapinc Онрек Various Levers or Dirruse Ілонтімс 
FROM I то тоо FoOTCANDLES AND FOR READING-PERIODS VARYING FROM 
Five Minutes то Ом Hour. ў 
The probable errors given are relative values and до not include systematic 
differences in rate of reading among the individual subjects. 
Material: “Outline of History"—Wells. Book form. 
Type:  10-pt. De Vinne; 1-pt. leading; 24 pica lines, 
Tests: Two s-minute periods by each of 10 subjects. 


то Footcandles | тоо Footcandles 


р а 


Rate of геайіпр..............: 100 102.7 NUM, 
Probable еггог............-..+ E 17 E 


TABLE 1-8 


Material: “Why We Behave Like Human Beings 


Type: 12-pt. Bodoni Book; 1-pt. leading; 22 pica lines. 
Tests: Fight 3o-minute periods by each of 14 subjects. 


»—Dorsey. Book form. 


1 Footcandle 1o Footcandles | 100 Footcandles 


i 2 1047 
Rate,of reading.......-..--+++ 100 102.9 i 
Probable еггог................ s L5 13 
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if it were tacitly assumed that rate of reading is an adequate 
criterion of ease. іп reading, it would follow from these results 
that high brightness-contrast between the central and pe- 
ripheral fields is not a deleterious factor in reading. Such a 
'conclusion is contradicted by the introspective appraisals of 
these conditions by the subjects. It is also in disagreement 
with principles established by years of research and experience 
in the realm of illuminating engineering (9). 

The data obtained in this investigation permit a direct 
comparison of the influence of brightness-contrast (between 
the central and peripheral fields) upon ease of reading as the 
latter is indicated by the criteria of rates of reading and of 
involuntary blinking. It will be noted from Table II that 
(1) the minimum rate of blinking occurred when the brightness 
of the pages of the book was the same as that of its surround- 
ings; and (2) that the rate of blinking increased markedly 
with increasing brightness-contrast in either direction. This 
result is consistent with the data obtained with various 
criteria pertaining to visibility (x), as well as with introspective 
appraisals of the visual conditions. However, these well- 
defined effects of a deleterious characteristic are not indicated 
by the criterion of rate of reading. Hence it seems reasonable 
to conclude that rate of reading is, at best, a very insensitive 
indicator of the subtle influences of such distractions as high 
brightness-contrasts within the visual field. 


TYPOGRAPHICAL Factors 


Leading.—It is the consensus of discerning readers that 
socalled solid-set type is more difficult to read than type set 
with greater leading or interlinear spacing. However, there 

‘is little agreement with Tespect to the optimum degree of 
‘leading for a given type-size, type-face, line-length, etc. 
Several investigators have applied the criterion of rate of 
reading to this phase of typography and although the indi- 
vidual researches have indicated optimum degrees of leading 
there is poor agreement among the results so obtained. In 
_ addition, the indicated optimum amount of leading is, in some 
cases, in such marked disagreement with the experience of 


* à) Е 
› 


р €. CRITERIA OF READABILITY - \ 263 


-typographers that such studies have not appreciably influ- 
enced typographical practice. : 


We have investigated this problem (10) by determining 
(1) the normal rates of reading and (2) the frequency of 
involuntary blinking while reading ro-point * Textype com- 
posed in 21 pica lines in five different degrees of leading. Іа 
all investigations involving typographical variables, the text- 
matter consisted of test-proofs printed in black ink on white 
paper in galley lengths, The results are summarized in 
Table III. 

TABLE Ш 


These data were obtained from 30 subjects each of whom read each kind of printed 
matter on two different occasions, The reading was done under a constant diffuse 
illumination of 10 footcandles. The duration of the reading-periods was 5 minutes 
in all cases and the order of reading the materials was reversed in the second test- 
periods. 

Computations of the relative rates of reading, based upon the mean of all of the 
data rather than upon the data for the solid-set type, yielded values almost identica 
to those given below. However, the probable errors were somewhat smaller and gave 
no indication of a systematic trend. 


Points of Leading о 1 2 3 6 


Rate of reading 


б 
Probable error .9 
Rate of blinking 1000 | 99.6 | 90.3 84.1 81.2 
Probable error. . — 1.6 2.3 2.2 2.6 


These data indicate that the normal rate of reading is 
substantially the same for all degrees of leading from zero to 
six points, although the relative probable errors of the 
average rates of reading are of the order of one percent. 
Thus if rate of reading were tacitly assumed as a criterion of 
readability, it would follow that leading is not an important 
typographical factor. Such a conclusion is contrary to the 
opinions of innumerable readers. 

It will be noted from Table III that (1) the rate of blinking, 
is the greatest for the solid-set and the 1-point leaded types, 
(2) that the rate of blinking decreases sharply as the leading 
is increased from 1 to 3 points, and (3) that it decreases only 
slightly when the leading is increased from 3 to 6 points. 


* 1 point = 1/72 inch; 1 pica = 1/6 inch. 
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"Thus it may be concluded that 3-point leading represents a 
practical optimum in readability of 10-point type (21 pica 
lines) as appraised by the criterion of the reflex blink. It is 
obvious from Table III that these characteristics are not 
revealed by the criterion of rate of reading. Thus it appears 
that the criterion of normal rate of reading not only does not 
reveal the distracting influence of lines of print adjacent to 
that being read, but also that it does not reveal (Table II) 
even the distracting influence of high brightness-contrasts 

‚ within the visual field. 

In view of the possibility that the criterion of normal 
'rate of reading might be less likely to reveal the effects of 
leading than that of maximal rate of reading, data have also 
been obtained under the latter conditions. "These socalled 
“paced” determinations of maximal rate of reading were 
readily made with a specially designed machine which has 
been described elsewhere (9).. The results are presented in 
Table IV. It will be noted that the extreme variation in the 


TABLE IV 


ANERAGE MAx1MAL RATES ОР READING I0-POINT TYPE AS OBTAINED WITH 10 SunIxcrs 
Елсн or Мном Reap Each MATERIAL on 5 DIFFERENT Occasions 


Points of leading. o 
"Rate of reading. ы улы. 100.0 
Probable CETOL. ГЕ vous cuts ye disse — 


maximal rates of reading is less than 3 percent. Furthermore, 
the difference in the rates of reading any two materials is not 
significant when compared with the corresponding probable ` 
error of the difference. Thus it is evident that the relative 

"effects of various amounts of leading are not accentuated by 
reading the materials at the maximal rate rather than at the 
socalled normal rate. 

Boldness of Type-face.—The determination of the optimum 
degree of boldness of a family of types of a given size involves 
the appraisal of at least three unique variables. These are: 
(1) the visibility of the individual printed characters; (2) the 
effective amount of leading as the latter is influenced by the 
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type-face; and (3) the distracting influence of characters 
adjacent to those included in the perceptual span of the 
moment. Thus the appraisal of optimum boldness may 
constitute a more critical test of proposed criteria of reada- 
bility than tests which involve but one major variable. The 
present study (11) of boldness, based upon the criteria of 
rates of reading and of blinking, involved four weights of 
Memphis type each of which was composed in 21 pica lines 
with two points of leading. The text was from the ‘Outline’ 
of History’ by Wells and the subjects were instructed to read # 
at their normal rates. As in all researches reported herein, . 
the order of reading the various materials was reversed in the 
second of the two test-periods. The data so obtained are 
summarized in Table V and presented graphically in Fig. 2. 


140 50 
RELATIVE BOLONESS 


Fic. 2. In this presentation of the blink-rate data of Table V, the relationship 
‚ between boldness and rate of blinking is inverted and designated as the relationship 
between boldness and readability. The data relating boldness and visibility were 
obtained with the Luckiesh-Moss Visibility Meter. The designYand calibration of 
7 this instrument have been described elsewhere. E 


1 "P "These results again confirm the conclusion that the normal 

rate of reading is, at best, a relatively insensitive indicator of 
NA * the influences of physical characteristics of the materials read. 
For example, it will be noted that the maximum differential 
in rate of reading these materials did not exceed 3.5 percent. 


* 


Е 
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+ -: .TABLE V 


"These averages were obtained from 40 subjects each of whom read each of the 
materials оп two different occasions under a constant level of diffuse lighting of 10 
footcandles, All reading periods were 5 minutes in duration. | 


Type-facé Light  |' Medium 
Rate of reading. .......... 100.0 103.2 
Probable error. . .......... = 0.7 
Rate of blinking...........] 1000 88:1 
Probable error. ........ ЖК iad ‚9 


; i * Although the Extra-Bold type is designated by the typographer as 10-point 
“type, the actual “size” of the type, excluding ascenders or descenders, is about 10 
percent larger than that of the other three types, 


It is also a reasonable assumption that differentials of this 
order of magnitude would scarcely be considered as important 
or impressive from the practical viewpoint—and it is empha- 
sized that the purpose of readability. studies is to guide 
practice. Furthermore, the data of Table V indicate that 
‘Memphis Medium and Memphis Bold types were read at 
substantially the same rates. Thus these two types would 
be rated as alike in readability by the criterion of rate of 
reading. Such a rating is nót in agreement with that indi- 
cated by the criterion of blinking or by the experience of 
» typographers. Ч 

It will be noted from Table У that a maximum differential 
of about 12 percent in rate of blinking was observed during 
the reading of these materials. This is more than three times 
as great as that obtained in rate of normal reading. Further- 
more, it will be obvious from Fig. 2 that the two criteria 
differ not only in sensitivity but also as indicators of relative 
readability. 

Although the indicated differences in readability among 
_ the 10-point Memphis types appear to be real from a statistical - 
viewpoint, the significance of these data would be greatly 
enhanced if approximately the same relative values were 
obtained under somewhat different experimental conditions. 
Accordingly, the investigation was repeated by a different 
experimenter under the following conditions: 
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In a different laboratory and under a level of illumination of 5 footcandles instead 
of то footcandles. Thus the environmental conditions under which the reading was 


done were completely altered. 
The order of presenting the several weights of Memphis types was altered. In 


the first investigation, the orders were (a) Light, Medium and Bold; and (5) Bold, 
Medium and Light; and in the second, the orders were (2) Medium, Light and Bold and 
(b) Bold, Light and Medium. ` It will be noted that the positions of the type of highest 
readability (Memphis Medium) and of the lowest readability (Memphis Light) were 
transposed in the second investigation. м 

The measurements were made with 18 instead of 40 “сс, each of whom read 
each type on four occasions instead of twice as in the first investigation. Since the 
same materials were read, the rates of blinking obtained in the second investigation 
were those resulting during a re-reading of the text-matter Hor the second and third 
times. 


The relative rates of blinking in the two. investigations are 
given in Table VI. ; 


TABLE VI 

Type-face Light Medium Bold 

_ Arithmetic means 
i 100.0 904. 96.0 
100.0 88.9 94.5 

Geometric means 
First test... 100.0 88.1 94.3 
Second test. 100.0 88.8 95.0 


The agreement between the results of these two investiga~ 
tions emphasizes, not only from a qualitative but also from a 
quantitative viewpoint, the inherent significance and relia- 


. bility of the criterion of involuntary blinking. Specifically, 


the statistical possibility that this agreement is due to.chance 
is practically nil. Considered in conjunction with’ the fact 
that reproducible results were also obtained in repeated 
investigations involving other and radically different visual 
variables it'would seem that the reliability of the blink-rate 
criterion has been definitely established. 

Line-length.—It is conceivable that rather marked differ- 
ences in rate of reading might be obtained with materials 
differing widely in line-length. Obviously, the muscular 


* activities involved in reading are influenced directly by line- 


length; and it is possible that a particular line-length might 
be most favorable for the processes of reading which have 
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been developed by the individual. We have investigated 
these possibilities by determining the rate of reading, as well 
as the rate of blinking while reading, for materials varying in 
line-length from 13 to 29 picas, inclusively. These materials ' 
were printed in 10-point Textype with 2 points of leading and 
in black ink on non-glossy white paper. In all cases, the 
reading was done under a uniform diffuse illumination of 
10 footcandles. 


TABLE VII 


Tue Geometric Averace Rates or Reapinc AND Rares or BLINKING 
as DETERMINED WITH 24 SUBJECTS 


The corresponding probable errors are relative values which do not include sys- 
tematic differences among individual subjects, These data represent the average 
results obtained in two separate investigations involving 12 subjects each. Almost 
identical results were obtained in the two cases. 


13 17 21 25 29 


100.0 | 97.2 | 96.7 | 98.0] 99.6 
hr 0.9 0.9 1.2 14 


' Rate of blinking. 


100.0 | 110.4 | 122.0 | 118.2 | 119.5 
bable error... 


TE 34 3. $3 3:3 


The data of Table VII summarize the results obtained 
with 24 adult subjects each of whom read each material on 
two different occasions. The order of reading these materials 
was reversed in the second series of tests. In all cases, the 
duration of the reading-periods was five minutes. e 

It will be noted that the maximum difference in rate of 
reading is less than 4 percent. Hence it appears that the 
criterion of rate of reading is no more sensitive to changes in 
line-length than it is to changes in illumination, leading, 
boldness, etc. "This fact substantiates the theory that the 
normal rate of reading is limited by perceptual phenomena 

rather than by the physical Characteristics of the visual 
stimuli when the reading.is done under the usual supra- 
threshold conditions. 

The data pertaining to the rate of involuntary blinking 
reveal relatively large differentials as compared with those 
involving rate of reading. Furthermore, the results obtained 
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with the two criteria are not even in qualitative agreement. 
For example, the criterion of rate of reading indicates that the 
readability of 29 pica lines is the same as that of 13 pica lines; 
while the criterion of rate of blinking indicates a marked 
superiority of the 13 pica lines. The latter conclusion is also 
supported by theoretical considerations as well as by ap- 
praisals based upon other behavioristic criteria. 


SuMMARY 


Readability has been defined as an attribute of the physical 
characteristics of the materials read and has been appraised, 
on this basis, by the criteria of rate of reading and rate of 
involuntary blinking while reading. The results of a series 
of carefully controlled investigations, involving diverse visual 
variables, reveal that the normal rate of reading is an insensi- 
tive Tip of readability as compared with rate of blinking. 


- Furthermore, the appraisals of readability by the two criteria 


are frequently in disagreement. Whether or not the criterion 
of involuntary blinking adequately appraises all factors ' 
involved in readability, it appears to be far more significant, 
from both theoretical and experimental viewpoints, than the 
criterion of rate of reading. j 

* xk ж 


We are indebted to the Mergenthaler Linotype Company, 
Brooklyn, for furnishing a large amount of typographical 
materials specially composed and printed for us; and to S. K. 
Guth and A. A. Eastman for prosecuting the extensive 
laboratory investigations. 


(Manuscript received June 22, 1940) 
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EXPERIMENTAL STUDIES IN ROTE-LEARNING 
THEORY. VII. DISTRIBUTION OF PRACTICE 
WITH VARYING LENGTHS OF LIST 


BY CARL IVER HOVLAND 
Department of Psychology, Institute of Human Relations, Yale University 


INTRODUCTION 


Over twenty-five years ago Lyon (8) completed his monu- 
mental study concerning the relationship between length of 
material and distribution of practice. His results clearly in- 
dicate that in the learning of nonsense syllable materials the 
superiority of distributed over massed practice becomes pro- 
gressively greater the longer the list. This general outcome 
is of considerable theoretical importance, but details as to the 
nature of the relationship are not revealed by his study. The 
need for additional information on this problem, particularly 
in connection with such analytical measures of learning as ac- 
quisition curves, serial position effects and oscillations of recall, 


‚1з pointedly shown in the recent attempt of Hull, Hovland, 


Ross, Hall, Perkins and Fitch (6) to formulate a systematic 
theory of rote-learning. The present study was therefore 
designed to obtain further data concerning the relationship 
between length of material and the efficacy of distributed prac- 
tice and to test specific predictions derived from this theoreti- 
cal system. 

EXPERIMENTAL PROCEDURE 


Three lengths of nonsense syllable lists were used for the comparison of learning by 
massed and distributed practice. Six different experimental programs were therefore 
involved. Each subject completed two cycles of the six programs, learning only a 
single list per day. 

Use of lists nine, twelve, and fifteen syllables in length permitted comparison with 
results of both Robinson and Heron (11) and Shipley (12). The former used these 
identical lengths without a separate cue syllable; the latter employed a separate cue 
syllable, so that the lists he labelled eight and fourteen syllables in length actually 
consisted of nine and fifteen syllables, respectively. In line with recent methods of 
experimentation, the first syllable was also used as a cue in the present experiment. 


The lists would therefore be designated as eight, eleven and fourteen units in length _ 
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and will be referred to in this way throughout the paper. The lists were constructed 
according to the usual rules and were made up of syllables of low associational value. 
Systematic rotation of the series was employed as previously described (x, 5). Com- 
plete counterbalancing of practice orders was also provided. 

The lists were presented by means of the Hull exposure apparatus. The general 
procedures and instructions used in other experiments in the present series (x, 2) were 
followed. Distractions were minimized by performing the experiments in a sound- 
proof room. б У 

During massed practice only а six-second interval elapsed between successive 
presentations of the lists; during distributed practice a two-minute rest pause was given · 
between trials. To prevent rehearsal during this period, the subjects were required to 
name colors automatically presented on the memory drum. A two-second rate of 
syllable presentation was employed throughout. Learning was carried to the criterion 
of one perfect recitation for all lists. The individual responses throughout the learning 
were recorded on specially prepared mimeographed forms. 

Thirty-two Yale College students served as subjects. They had not been pre- 
viously employed in memory experimentation and were consequently given a whole 
cycle of practice, with one session devoted to each of the six variations of length and 


distribution. The practice lists used for the purpose contained words of low or medium 
associational value. 


REsULTS AND Discussion 


Data are presented in Table 1 concerning the number of 
trials required to reach the criterion of one perfect recitation 


TABLE 1 
Mean Момвевѕ or Trrats Requirep то Learn Taree Lencrus or List ву Massep 
+ AND DISTRIBUTED Practice ТО THE CRITERION OF Охе Perrecr RECITATION 
(zach MEAN Basen UPON 2 VALUES FOR EACH OF 32 Susyects) 


Length of List (in syllables) 


Practice 
Massed stirs c ELE M T 
S.E. , 
Distributed... ........... M Ў i 
Differences. .......... E i ? - 
ER М NE ; ; 
а EVA rte e| ES 


in the learning of each of the three lengths of list by massed 


and distributed practice. Distributed practice is superior to 
massed for all lengths. Further, the reduction in number of 
trials as a result of distributed practice becomes progressively 
greater the longer the list. On this point the present results 
support those of Lyon (8), and confirm Theorem XV in the 


CRITERIA 


SYLLABLE 
= № o0 P$ oU 0 n 0 © 
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monograph by Hull, Hovland, Ross, Hall, Perkins and Fitch 
(6): In the learning of rote series, the advantage of well distributed 
practice over massed practice, in terms of repetitions, is a concave 
function of the mean number of repetitions required for learning 
by massed practice (p. 132). 

Acquisition curves for the lists of various lengths learned 
by the two methods of distribution are graphically shown in 
Fig. 1. The results are plotted in terms of the number of 


e———e s Massed Practice 
o----o Distributed Practice 


M Units 14. Units 


0 24 6 6 0 12 0 2 4 6 8 ю 2 MW 
NUMBER OF TRIALS REQUIRED 


Fic. 1. Graph showing mean number of trials required to reach successive 
criteria of performance by massed and distributed practice for three lengths of list. 
Each point is based upon the mean of 64 learning scores (two from each of 32 subjects). 


repetitions required to reach successive criteria of perform- 
ance. The results indicate a relatively linear rate of acquisi- 
tion even with massed practice in the case of the shorter lists, 
but quite pronounced negative acceleration in the learning of 
the longer lists (Cf. Kjerstad (7)). Curves of acquisition by 
distributed practice are more linear throughout. Departure 
from linearity was computed in terms of the average size of 
the squares of the deviations between the values actually ob- 
served and those computed from a straight line fitted to the 
data by the method of least squares. The average sizes of 
these squared deviations are presented in Table 2 for the three 
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"TABLE 2 


AVERAGE VALUES or Squares or DEVIATIONS or OBSERVED VALUES FROM STRAIGHT 
Line or Best Fir ror THREE LENGTHS or List LEARNED By Massep 


D: 
AND DISTRIBUTED PRACTICE er) 


Length of List (in syllables) 


Method of 
Practice 
8 II 14 
Massed oi. eps uuu Ar 27 85 
Distributed. ........... .08 +14 129 


lengths of lists learned by massed and distributed practice. 
It will be seen that the deviation from linearity is greater the 
longer the list, and is less with distributed than with massed 
practice. T 

An interesting comparison can be made between the num- 
ber of repetitions per syllable in the present experiment and 
in that of Robinson and Heron (тт). The data from their 
first two cycles can be compared with the present results con- 
cerning learning by massed practice. The average numbers 
of repetitions per syllable in the Robinson-Heron experiment 
were .86, .98, and 1.09 for the nine, twelve, and fifteen units’ 
lengths, respectively; in the present experiment the corre- 
sponding results were .78, .97, and 1.14, when the lengths were 
computed in a manner comparable to theirs. The close agree- 
ment is the more surprising because in their study the letters 
in the syllables were individually pron unced, while in the 


` present experiment the syllables were/fecited as units. The 


corresponding numbers of repetiaiéns per syllable for distrib- 
uted practice learning are .66, .]8, and .81 for the nine, twelve, 
and fifteen unit lists, respectiv, у, computed in the manner of 
Robinson and Heron. The ‘ate of increase in difficulty with 
increased length is therefore less with distributed than with 
massed practice. . 

Serial Position Effects —F igure 2 presents the number of 
failures in the various syllable positions during the learning of 
the three lengths by massed and distributed practice. 

The greater difficulty of the central syllables as compared . 
with the ends is clearly shown for all the curves, the longer the 


Е > k 
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list the greater the excess of difficulty in the middle. Like- 


wise, as in most previous experiments, the difficulty of the 
posterior syllable is greater than that of the anterior. This 
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SYLLABLE  . POSITION 


Fic. 2. Composite curves showing mean number of failures at various syllables 
during learning of three lengths of list by massed and distributed practice. Each point 
is based upon the mean of 64 learning scores. 


is true for all three curves of learning by massed practice 
presented in Fig. 2. The probabilities of obtaining these dif- 
ferences by chance are all less than .o1. The ratios of the 
number of failures at the posterior syllable divided by the 


number at the anterior, range from 1.64 for the eight unit to 


* " 
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1.87 for the fourteen unit lengths. The greater difficulty of 
the central syllable as compared with the ends, and the an- 
terior as compared with the posterior syllable, also obtains 
with distributed practice. 

From Fig. 2 it will be clearly seen that the advantage of 
distributed practice (the difference between the number of 
failures during distributed practice and the number during 
massed) tends to be greater in the central syllable positions 
than at the ends for all three lengths of list, but no statistically 
significant differences were obtained in the advantage of dis- 
tributed practice at the anterior as compared to the posterior 
syllables. Patten (9), using a sixteen unit length list, found 
the advantage of distributed practice greater at the posterior 
than at the anterior syllable position, but it is not clear 
‘whether the difference is significant. 


TABLE 3 


Mean NuMBER or FAILURES IN Various SYLLABLE POSITIONS DURING LEARNING BY 
Massen anp Distaisurep Practice wrru Turee Lenctus or List 


Syllable 
Position 


_ For convenience in making cross-comparisons, Table 3 pre- 
sents the number of failures made in corresponding syllable 
Positions for the three lengths. It will readily be seen that 
with increased length the.number of failures'goes up in each 
serial position. Thus, for syllable 1, the mean numbers of 
repetitions required are 1.17 for an eight unit list, 1.80 for an 
eleven unit and 1.98 for a fourteen unit list. Similarly, for 
syllable 4 the corresponding figures are 3.60, 5-51 and 6.58. s 
A tendency is also indicated for the increa. 


A se in failures 
with increased length to be most rapid in the c 


entral region, 


" B 
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less at the posterior end and least at the anterior. Thus, in 
the anterior syllable position there is an average increase of 
0.40 failures with each three syllable increase in length. The 
corresponding increases are 0.90 failures at the posterior syl- 
lable and 2.29 failures at the fourth syllable from the end. 

Similarly, there is a pronouned tendency for the advantage 
of distributed practice to increase more rapidly with increased 
length in the central syllable positions than at theends. The 
average increase in advantage of distributed practice with 
each three syllable increase in length is 0.29 failures at the 
anterior syllable. The corresponding increases are 0.78 for 
the fourth syllable position and 0.26 for the posterior syllable. 
The differences in the rates of change at the anterior and ` 
posterior syllables will be seen to be slight. 

Oscillations at the Threshold of Recall.—Hull (4) has shown 
the usefulness of computing the span between the occasion on 


which the first success is achieved and that on which the last 


failure is made for the various syllable positions. In Table 4 
results on this point are presented. For each position the 


_ mean number of failures preceding the intitial success and up 


to and including the last failure are given. If no oscillations 
in recall are present, these two values coincide. If, however, 
the subject is able to recall a syllable on one occasion but not 
on a later trial, the oscillation shows itself in a discrepancy 
between the failures preceding the first success and the num- 
ber up to and including the last failure. 

In the present experiment, as in previous studies (Hull (5), 
Hovland (3) and Shipley (12)), a characteristic serial; position 
effect is obtained with respect to initial success and last failure 
(Table 4). This is brought out forcibly in Table 5, where the 
mean numbers of repetitions preceding the first success and 
last failure in the first, last and middle positions are given. 
The greatest numbers of failures regularly occur in the central 
syllable positions. This effect becomes progressively greater 
the longer the list. It will also be noted that the last syllable 


' is preceded by more failures than the first for every list with’ 


the exception of the eight unit length learned by massed 
practice. ; 
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TABLE 5 


Mean Nomoer оғ Repetitions Precepine First Success AND UP TO AND INCLUDING 
Last Failure тх Various Posrtions or List (DATA FROM TABLE 4) 


First Success Last Failure 
Syllable Positions Syllable Positions 
Length of List 
First Middle Last First Middle Last 
2 Group 2 2 Group 2 


Massed Practice 


1,22 3.65 2.16 3.04. 4.84 3.03 
0.89 5.65 3.07 4.09 8.18 6.14 
1.58 8.40 3.25 5.22 13.75 7.82 


Distributed Practice 


89 2.39 1,86 1.71 3.57 2.35 
.96 4.83 2.71 2:24 7.09 4.85 
1.28 5.67 3.46 2.71 9.32 5.42 


From Tables 4 and 5 it сап be seen that the longer the 
list the greater the number of repetitions preceding the first 
success and up to and including the last failure in each posi- 

‘tion in the series. Thus, for example, there are .94, 1.01 and 

1.03 repetitions preceding the first success for the eight, eleven 

and fourteen syllable lists, respectively, in the anterior syllable 

) position, and 2.92, 4.56 and 5.43 for the fourth syllable. The 

numbers of repetitions up to and including the last failure in 

‚ the anterior position are 2.37, 3.36 and 4.28 for the three 

lengths, and 4.80, 6.57 and 10.37 in the fourth syllable posi- 

tion. The average number of repetitions preceding the first 

success increases from 2.62 for the eight unit list to 3.93 for 
the eleven and 5.42 for the fourteen unit length. 

The above results suggest differences in the rate of increase 
in number of repetitions with increased length for the various 
syllable positions. These differences can easily be demon- 

‚ strated. For example, the average increases in number of 
repetitions preceding first success with a three syllable increase 
in length are 0.04 at the anterior syllable, 1.25 at the fourth 

- syllable and 0.88 at the posterior end (learning by massed 

P. practice). As predicted by the theory (6), these increases are 
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least at the extremes and most rapid in the central positions, 
and more marked at the posterior than at the anterior syllable. 
Similarly, the average increases in number of repetitions up 
to and including the last failure are 0.95 at the anterior syl- 
lable, 1.82 at the posterior, and 2.78 at the fourth syllable 
position. 

From Table 4 may also be derived the fact that with in- 
creased length the number of repetitions preceding the first 
success increases at a less rapid rate than those preceding the 
last failure. The average increase in mean number of repeti- 
tions (for all syllables) with a three syllable increase in length, 
is 1.40 preceding the first success, but 3.28 up to and including 
the last failure. 

Distributed practice results in a decreased number of repe- 
tions preceding the first сиссез апа up to and including the 
last failure for all lengths of list, the decrease being more 
marked the longer the list, and greater in terms of last failure 
than first success. The rate of increase in number of repeti- 
tions with increased length is smaller with distributed practice 
(average changes with a three syllable increase in length are 
1.15 repetitions preceding first success and 1.97 up to and in- 
cluding last failure, as compared with corresponding values 
of 1.40 and 3.30 for massed practice). 

Table 6 gives the average number of repetitions in the first 
two, last two, and central syllable positions between the first 
success and last failure. The longer the list the greater the 
span between first success and last failure in each syllable 
position. The average span for the eight unit list is 1.31 repe- 
titions, that for the eleven unit, 2.92, and for the fourteen 
unit, 5.08 (learning by massed practice). On theoretical 
grounds it would also be expected that the greatest spread 
between first success and last failure would be obtained in 
the central portion. This expectation is fulfilled in the case 


of distributed practice. With massed practice, however, only - 


the longest list has the greatest spread in the middle. The 
shortest list shows the greatest spread in the anterior region, 
and the middle length at the ends. In this respect the present 
data parallel those of Shipley (12). These results do not neces- 
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{ TABLE 6 


Mean Numser or REPETITIONS BETWEEN First Success AND Last FAILURE IN 
Various Positions or List (DATA ғком TABLE 5) 


Syllable Positions 


Length of List 
First 2 | Middle Group Last 2 
Massed Practice 
1.82 119 + .87 
3.20 2.53 3.07 
3.64 5.35 4.57 


Distributed Practice 


82 1.18 49 
1.28 2.26 2. He 
143 3.65 fi 


sarily contradict the theoretical'predictions (6, p. 181), which 
are based upon the supposition that the learning will be carried 
to a point of complete mastery, with a criterion of an infinite 
number of perfect recitations. In’ the present experiment the 
criterion was only a single perfect trial. The lower criterion 
obviously introduces an artificial ‘ceiling,’ since the trial on 
which the most difficult syllables are finally learned tends to 
be the last trial; consequently the first success and last failure 
tend to coincide at the points of maximum difficulty. With 
further trials it would be expected that pronounced oscilla- 
tions in recall would be found in the most difficult syllable 


` positions and the predictions might thus be supported. 


With the shortest list the span between the first success 
and last failure is greater at the anterior than at the posterior 
end; with the longest list this relationship is reversed (Table 
6). Inthe case of the middle length the spans are about equal. 
This outcome is in agreement with the results of Shipley (12) 
and Hull (5). The former found the same type of discrepancy 
between long and short lists; the latter obtained the predicted 
greater span at the posterior end with a long list (16 syllables). 

'The span between the first success and last failure is uni- 
formly greater with massed practice than with distributed, 
the longer the list the greater the difference. The average 
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increase in number of repetitions between first success and 
last failure with a three syllable increase in length is 1.88 with 
massed practice, only 0.82 with distributed practice. 


SUMMARY AND CONCLUSIONS 


An analysis was made of the learning of three lengths of 
nonsense syllable lists by massed and by distributed practice 
to a criterion of one perfect recitation. Twelve lists, two of 
each length and method of practice, were learned by thirty- 
two college student subjects at the rate of one per day. With 
massed practice only six seconds elapsed between successive 

trials; with distributed practice two-minute rest pauses were 
interpolated between trials, The syllables were automatically 
presented at a two-second rate. 24 

Records were obtained of the number of trials required for 
learning, the errors in various syllable positions and the num- 
ber of presentations Preceding the first success and last failure 
in each position. The following results were found: i 

I. Distributed practice was Superior to massed for all 
lengths, and the reduction in number of trials as a result of 
distribution became Progressively greater the longer the list. 


more pronounced with massed than with distributed practice. 
3- Despite the differences in Procedure, the numbers of 


5. The efficacy of distributed Practice over massed was 
significantly greater in the central Portions than at the ex- 
tremes for all lengths of list studied. 

6. The advantage of distributed Practice over massed was 
not significantly different at the anterior and Posterior syllable . 
Positions, j 

7. With increased len 


gth of list there was an increase in 
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number of failures in each serial position. The rate of increase 
of difficulty with increased length was more rapid in the cen- 
tral portion of the list than at the ends. 

8. The advantage of distributed practice over massed in- 
creased more rapidly with increased length in the central syl- 
lable positions than at the ends. No significant differences 
in rate of increase at the anterior and posterior syllable posi- 
tions were obtained. 

9. The numbers of trials preceding the first success and 
up to and including the last failure were uniformly greater at 
the center of the lists than at the ends. 

10, With one exception more repetitions preceded the first 
success and last failure in the posterior than in the anterior 
syllable positions. : 

II. The longer the list, the greater the number of repeti- 
tions preceding the first success and last failure in each syl- 
lable position. i 

12. The rate of increase in number of repetitions preceding, 
the first success and last failure as a result of increased length 
of list is most rapid for the central syllables and least rapid 
for those at the ends. ў 
_ 13. The longer the list the greater the spread between the 
first success and last failure. 

14. With the shortest list the narrowest span between the 
first success and last failure was in the posterior region. With 
the medium length list the narrowest spread was in the central 
region. Only with the longest list, the fourteen unit, was the 
greatest spread in the central region, as predicted on the theo- 
retical grounds. The present data are not crucial, however, 
since the theory demands a criterion of a large number of 
consecutive perfect trials, and in the present experiment only 
a single perfect recitation was required. Under these condi- 
tions the first success and last failure tend to coincide for the 
most difficult syllables, since when these are correctly recited 
the learning is terminated. Hence an artificial ‘ceiling’ is 

+ introduced. 

15. The span between the first success and last failure is 

greater at the anterior than at the posterior end with the 
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shortest list; with the longest the greater span is at the pos- 
terior end. In the case of the médium length list the spans 
at the two ends are approximately equal. 

16. With distributed practice there are fewer repetitions 
in each syllable position preceding the first success and last 
failure than with massed practice. The rate of increase in 
repetitions preceding first success and last failure with in- 
creased length is less rapid with distributed than with massed 
'practice. 

17. The span between the first success and last failure is 
greater with massed than with distributed practice. The rate 
of increased span with increased length is also greater with 
massed than with distributed practice. 


E 
(Manuscript received April 2, 1940) 
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TIME ERRORS IN THE DISCRIMINATION OF 
COLOR MASS BY THE RANKING METHOD 


BY B. R. PHILIP 
Fordham University 


The apparent bias in judgment when S attempts to dis- 
criminate sensory material, dependent upon the order of, or 
interval between the presentation of the standard as compared 
with that of the comparison stimulus, is called the time error. 
It is not due to a time function alone, for similar errors have 
been found when absolute comparisons are made, and even 
when there is no temporal sequence as all the material may 
be presented simultaneously. "Trivial as the errors are in 
themselves they are of importance in the study of the process 
of judgment, for they indicate that the process is one of in- 
tricate complexity. On this point all experimenters are agreed 
no matter what type of explanation they advance to account 
for these errors. The various theories which have been ade- 
quately summarized by previous workers (1, 2, 3), are not in 
such great conflict as may seem at first blush. Possibly they 
emphasize some factor that is especially important in, though 
specific to, the type of judgment under investigation, and 
hence they may not necessarily be general explanations 

With the object of investigating one aspect of this phe- 
nomenon the following study is reported, апа а tentative ex- 
planation is advanced of the relationship between the time 
error and the skewness of the distribution of judgments. 


PROCEDURE 


The experimental material has been previously described (4), Briefly, there were 
32 Ss, all women, who ranked 6 sets of color combinations, 12 cards to a set, for pre- 
dominance of color mass. To every S 25 trials of the entire test were given, a total 
of 57,600 judgments. The material was spread before Ss, hence both relative and 
absolute judgments were made, with a predominance of the latter type of judgment 
toward the end of the task. Two scoring methods were utilized, the frequency of the 
errors weighted according to their displacement from the correct position, Method I, 
and a tabulation of the frequencies of allocations of every card to all serial positions, 
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Method II. The latter method is the preferred psychophysical one, and was used in 
this study, as it permitted calculation of points of subjective equality, the time errors, 
and the skewness and the standard deviations of the data. 

Owing to the asymmetry of the distributions the time errors were calculated from 
the medians rather than from the means. Here again we have a choice of two methods 
of calculating the time errors: the difference between the point of subjective equality 
and the standard, and what has been called the D percent, that is, the percentage of 
the difference of greater or less judgments over the total number of judgments. It is 
the method commonly used by Needham (5), Pratt (6), and others, and though briefer, 
it is directly related to the former method. Owing to the high percentage of correct 
judgments in this study, the determination of the median, from which the point of 
subjective equality is calculated, is largely dependent upon the percentage of the dif- 
ference of the greater and lesser judgments. The first or standard method has been 
chiefly used in this study, though the other method is also presented for comparison 
purposes. 


It must be emphasized that the time error is not a measure 
of the accuracy of the judgment, i.e., of the frequency of cor- 
rect judgments, but rather it is a measure of the degree to 
which on the average the card is over- or underestimated. In 
other terms the time error gives us a clue to the apparent 
scale value of the stimulus in the opinion of $, i.e., it enables 
us to form an idea of the distortion that the actual scale of 
standards undergoes. To phrase the idea in other terms, the 
time error deals with the wrong judgments, determining how 
they are distributed with reference to the total scale. The 
previous study was concerned with the ability of Ss to dis- 
criminate color mass according to serial position, as deter- 
mined by the percentage of their correct judgments at each 
serial position. 

For each color combination a table similar to Table 1 was 
drawn up to show the distribution of judgments according to 
serial position. "Table 1, which was also presented in the pre- 
vious study, gathers all these data together, for the distribu- 
tions are very similar no matter what the color combination. 
It is obvious that the distributions show marked skewness and 
that a normal curve is approximated only for the distributions 
of cards 21 and 20. The truncations of the distributions ow- 
ing to the physical limitations of the scale are not the only 
factor causing the skewness. Particularly it may be noted 
the center of the series, the 18 card, shows a definite truncation 
of judgments, as was noted in the previous paper (4), in spite 


Position 
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REsu.ts 
Distribution of Judgments 
TABLE 1 
Frequency DISTRIBUTION оғ STIMULI Accorpine TO SERIAL POSITION (N = 57,600) 


of the fact that there are no physical limitations to be found 
there. What does cause this effect is the method of giving 
the instructions which required the setting out of the cards in 
two rows, according to the predominating color. Thus an 
attitude was imparted to S whereby he had two tasks or 
А. gestalten in mind, division of the total series according to 
color, and serial ranking in each division according to the pre- 
dominance of hue. How strong this attitude was may be seen 
from the abrupt cessation of judgments within each half of 
the color division. 

From the data of the distribution tables the median rather 
than the mean was used to determine the points of subjective 
equality. The difference between the values of these points 
and the standards for each serial position is taken as the time 
error. In addition, the means and standard deviations of the 
distributions were determined, and the Pearsonian measure of 


skewness, x ID, was calculated for each color com- 


bination and for each quartile of the total groups of Ss. The 
placing of S in a quartile was determined from the total error 
cores (Method I), on all six color combinations. In Tables 
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TABLE 2 А 
Time Errors Accorpinc To Serial Position ror Each Соок COMBINATION 


BP. | —.112| —.231| —.142| .056| . 

RG |-—.095| —.163| —.058| .123| . 

BR | —.114| —.107| —.083} . 

GB | —.150| —.181| —.079| - E 

PR | —.110] —.172| —.099| .o12| 4 097 
GP —.136 


TABLE 3 


.O12| —.433| —.814| —.908 
086] —.357 597 —.763 
«221| —.135| —.662] —.770 
:025| —.364| —.731| —.796 
:029| —.331| —.690| —.727 
AER —.218| —.677| —.826 
.088| —.306 


TABLE 4 


:922 |1.028 | .984. 
:925 |1.168 [1.187 
-888 [1.056 [1.082 


1.220 |1.155 [1.044 
1.238 |1.253 |1.095 
1.152 1.151 |1.095 


1.157 1.123 1.064 |1.138| .984 
2, 3, and 4 are listed the time errors, the skewness and the 
standard deviations of the distributions for each color com- 
bination. The time errors in Table 2 when averaged from the 
six color combinations yield the values given at the bottom of 
the table. They are in remarkably close agreement with the 
values of the time errors obtained from the total distribution 
table (Table 1), differing only in the third significant figure. 
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Time Error and Skewness 
From the tables it is obvious that neither color combina- 
tion nor color is of importance in determining the time error. 
In the previous paper it was shown that the difficulty of dis- 
crimination, as measured by error frequency, is partly de- 
pendent upon color combination, and that all colors are not 
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Fic, т. Variation of time error with serial position for the different colors, 


equally difficult; on the other hand they do not seem to affect 
the time error. Thus, Fig. 1, which graphs the time error for 
all four colors, each of which occurs in three color combina- 
tions, shows no consistent variation. On the other hand there 
is a definite concomitance between time error and skewness, 
as may be seen in Fig. 2, in which the ordinate scale for skew- 
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ness has been multiplied by 5, to permit closer comparison of 
the two curves. Both curves are negative at stimulus point 
23, and pass through a zero somewhere between stimuli 21 
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Fic. 2. Relationship between time error and skewness, 
Skewness scale is five times time error scale, 


and 20, beyond which they are positive to the smallest stimuli. 
From the midpoint of the curves the stimuli are repeated in 
reverse order to represent the fluctuations of these various 
factors throughout every point of the scale. It is to be noted 
that in the ranking method of discriminating color mass, which 
is in effect a modification of the absolute method, the trend of 
time error fluctuations is identical with that and by other 
methods for lifted weights, sound intensities, etc. This study 
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shows that the skewness of the distributions of judgments con- 
sistently follows that trend, through all six color combinations. 


Standard Deviations 


In Table 4 it may be seen that the standard deviations on 
the average tend to group rather closely around the value 
1.125, with the exception of the standard deviation for stim- 
ulus 23. In general also there is an increase of the standard 
deviation from the terminal value at stimulus 23 to the middle 
of the series at stimulus 18. The diminution of the standard 
deviation for stimulus 23 accounts in part for the regression 
of the time error towards the indifference level at that point, 
for the standard deviation occurs in the denominator of the 
fraction from which the time error is computed. It is a point 
of some interest that there is such a marked difference in time 
error and in skewness of the distributions while their standard 
deviations remain closely similar; that is, the variability or 
spread of the judgments remains fairly constant, though the 
bias or distortion varies with serial position. 


Variation of the Time Error According to Ability of Ss 


The Ss were divided into quartiles on the basis of their 
total error score (Method J), and the distributions of the judg- 
ments (Method II) for each quartile were separately compiled. 
From these distributions, using the D percent method, the 
time error according to serial position for each quartile is rep- 
resented in Fig. 3. There is a progressive increase in the 
absolute magnitude of the time error as one proceeds from 
Quartile 1 to Quartile 4. The best (most accurate) Ss tend 
to set their level of reference closer to the standards, which 
is in conformity with the findings of previous investigators 
that time errors tend to diminish with practice. Woodrow 
(7) found that “at every sitting the errors shifted in the posi- 
tive direction with prolongation of the sitting and at each 
successive sitting they also became more positive (or less nega- 
tive) than at the preceding sitting." In this case, with the 
better quartiles the errors tend to diminish, that is, they gravi- 
tate closer to the level of reference. For the best quartiles 
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Fic. 3. Time error according to serial position for each quartile. 
D percent method used to calculate the time error. 


the levels of reference are sharper, clearer and closer to the 
standards; as a consequence they are less subject to distor- 
tional effects. 

Discussion 


The occurrence of the time error in a series of judgments 
is most intriguing, for it seems to throw light on the nature of 
the judgment process. Various theories have been advanced 
to explain this phenomenon but no one theory hitherto pre- 
sented is satisfactory; though it may adequately explain some 
phase of the process it does not account for all the phenomena 
involved. Very probably, on account of the complexity of 
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the judgment process, the factors to be mentioned below are 
present in greater or lesser degree in every judgment, and 
cannot be disregarded. 

Some of the explanations advanced are: 

(a) Fatigue and Sinking Trace.—Both theories seek to ex- 
plain the course of the trace with passing time; the latter the- 
ory particularly attempts to account for the trend from nega- 
tive to positive time errors with an increasing interval between 
the presentation of the standard and the comparison stimulus. 
But when all the stimuli are constantly present, as in this 
procedure, the intervals during which the trace may sink are 
of the briefest, and the trace may be ‘jacked up’ as often as 
necessary, for there is a repeated intercomparison of stimuli. 
The theory of a sinking trace does not account for the pro- 
gressive trend from negative to positive in the time error 
according to serial position. Needham (8) has aptly pointed 
out that the “sinking trace theory implies a constancy and 
simple determinism which belie the true state of affairs. In- 
deed even the predisposing influences which are discussed 
above are relative effects at best; their presence is noted in 
the appearance of more of a certain class of judgments, never 
in a totality of that class of judgments.” 

(b) Set implies the establishment of absolute standards, 
either prior to the experiment and based upon general experi- 
ence, or immediately during the course of the experiment. 
This theory stresses “the level of the set which tends to ap- 
proximate the average intensity of all the preceding stimuli ` 
of the entire series given from the beginning of the experi- 
mental sitting, provided the series does not vary over too 
great a range" (9). Absolute standards certainly are set and 
play a large part in the judgment process, yet Needham's 
caution is very pertinent here (то). “А number of experi- 
ments upon the absolute judgment have impressed upon the 
writer the validity of the suggested ‘definition of categories 
of judgments’ or ‘construction of an absolute series’; however, 
the evolution and operation of this subjective scale should be 
treated in terms of the extreme stimuli and not in terms of a 
hypothetical standard or mid-point. Stated in simple terms, 
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the facts seem to be that the O, upon being confronted by a 
situation in which he must assign certain values to a given 
series of stimuli appearing in random order, first ‘learns’ to 
‘recognize’ the boundaries within which he is judging and to 
assign to these limiting stimuli the relatively more correct 
judgment.” He also quotes Hollingworth’s study (1r) as an 
example where the hypothesis of judgment is formulated as a 
function of the extreme stimuli. Then he points out “It is 
germane to the trend of the discussion to note that this formu- 
lation of the response of the O is in agreement with the O's 
estimate of his behavior, as well as with the E’s evaluation of 
the O’s performance. Thus Ma reported that he ‘recognizes 
the extreme stimuli and guesses at the rest.’ . - + (The pre- 
sent discussion) . . . represents an attempt to phrase the 
theory of judgment more in terms of the O and less in terms 
of a strict psychophysical relationship. It opens the way for 
an increased significance of ‘set’ and ‘attitude.’ It makes 
essential a further investigation in which intraserial effects are 
emphasized. (Italics ours.) It does not necessarily exclude 
the operation of some factor such as that involved in Kóhler's 
trace theory or Lauenstein’s gradient theory; it does suggest 
that such hypotheses must have specific rather than general ref- 
erence. Finally it raises again the whole question as to the 
true nature of discrimination with its many related problems.” 

Obviously the establishment of absolute Standards is of 
first importance, especially for the building up of a frame of 
reference, a base from which estimations are made. With 
Needham we agree that this frame of reference, this base, is 
dependent upon the limiting stimuli rather than upon the 
average level. 

(c) Assimilation and Contrast— Every stimulus that is 
presented to an observer is brought into relation with the 
general level of reference, and as a result the judgment will 
very likely be influenced in Some way.... Thus the tone is 


influences it; this is usually referred to as contrast, while as- 
similation is the closer approximation of the stimuli that in- 
fluence each other. . . , Hollingworth attempts to explain 
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assimilation by the conformity to the law of the central tend- 
ency and contrast is the reverse of the phenomenon” (12). 

Distortions are caused by the presence of stimuli other than 
those being immediately judged. These extraneous stimuli 
may belong to the total series of stimuli to be discriminated 
or may be extraneous, even persisting as background stimuli. 
One would expect that they would be effective according to 
their intensity, their deviation from the general frame of refer- 
ence or the recency with which they have occurred. Studies 
on retroactive inhibition might by analogy lead us to expect 
variations in the amount and direction of their effect accord- 
ing to the similarity or dissimilarity of the stimuli with those 
being judged, the point at which the intruding stimuli are 
interpolated, and the time of their occurrence. Tendencies 
have been found for the time error to fluctuate in the direction 
expected for some of these events. Theories based upon as- 
similation and contrast are more effective in telling us how 
distortions of judgment already present may be diminished or 
accentuated, not how the initial distortions or time errors were 
originally caused. 

(d) End Effect and Central Tendency.—Related to the the- 
ories of assimilation and contrast are those based upon End 
Effect or Central Tendency. They are effective in accounting 
for the increased magnitude of the time error at the end stim- 
uli of a series, its disappearance (zero time error) at the center 
of the series, and the migration of the indifference point with 
the extension of the series in either direction. At best they 
are theories descriptive of certain phases of the phenomenon 
—they are not explanatory of its general nature. 

(e) Inhibitory Effects by Subsequent Stimuli upon Traces of 
the Level of Reference.—There has been an increasing tendency 
to stress the relationship between memory phenomena and 
inhibition with the time error. In his summary of time error 
theories Needham (3) points out: “There is the recurrent sug- 
gestion that the problem of the time-error has some bearing 
on the memory phenomena; with the exception of Kohler, 
recent theorists have tended to avoid the possibility of this 
consideration. Recent advances in both fields cannot be said 


296 B. R. PHILIP 


to eliminate this aspect of the problem, and a future estab- 
lishment of some such relationship seems plausible." In a 
paper to show that the law of disuse may not be precluded in 
a study of memory phenomena Pratt (13) states the following. 
“By the use of interpolated stimuli it has indeed been shown 
that the trace of the standard will move in the direction of the 
interpolated stimulus. This does not mean, however, that the 
principle of disintegration must be entirely displaced by that 
of interaction. Experiments have shown (1) that assimilation 
to zero (no interpolated stimulus or background) is less than 
assimilation to any value just above zero, and (2) that assimi- 
lation to a trace below the standard is greater than to a trace 
the same distance above the standard. Neither of these facts 
is consistent with the principle of interaction, They may 
easily be accounted for, however, if one assumes that disin- 
tegration always operates and that assimilation operates only 
when some trace is in the comparison-field which is closely 
enough related to the trace of the standard to permit of inter- 
action. Both principles are needed to explain mnemonic 
changes: disintegration, always; interaction, whenever certain 
specified conditions are present.” In a recent paper dealing 
with time order errors in successive judgments and in reflexes 
Peak (14) attempts to relate the two sets of data by considera- 
tion of the development of inhibitory effects, 

This study shows a close similarity between the functions 
of skewness and time error in the discrimination of color mass. 
Obviously skewness is merely a descriptive entity and does 
not explain the time error; but it does Suggest that whatever 
factors are causing the bias or distortion of the judgments is 
intimately tied up with the factors causing the time error in 
the judgments. Moreover these factors must operate pro- 
gressively and regularly from the extremes of the series to the 
middle. р The introspections of Ss give us a definite clue to 
the possibility of finding this factor; taken in conjunction with 
the experimental finding that difficulty in serial discrimination 
Proceeds from the extremes to the center, we are enabled to 
formulate the following tentative hypothesis for the origin of 
the time error. А general level of reference, a base or standard 
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is established at the extremes of the stimuli from which all 
judgments are gauged and all estimates are made. This gen- 
eral level of reference persists as a trace throughout the whole 
discriminatory process, though it is subject to continuous 
modification and readjustment. ‘The traces of the standards 
by which the stimuli are appraised are sharpest and clearest 
at the extremes, and possibly that is why the extremes are 
selected as the reference level. Here the accuracy and pre- 
cision of the judgments is much greater than anywhere in 
the series, and the end stimuli are judged with celerity and 
confidence. Just as the accuracy curves diminish from the 
extremes to the center, so do the reaction times of the judg- 
ments and the degree of confidence with which they are made. 
To the degree with which the stimuli deviate from the end 
points, or levels of reference, do judgments based upon them 
lose in accuracy, clearness, speed and confidence. This lack 
of clarity and precision of the trace is not due to decreasing 
intensity, for the middle stimuli are stronger (i.e., the pre- 
dominance of color mass is greater), than those at one end, 
nor to recency, for all the stimuli are simultaneously present, 
but to the presence of other conflicting stimuli which have 
an inhibitory effect due to their serial position which is more 
detrimental than the inhibitory effects for the end stimuli. 

It is important to recall that the standard of reference is 
held as a trace, which is in part a memory function, and con- 
sequently is subject to fading and inhibition. Striking simi- 
larities occur in the curves of recall in serial order and accuracy 
of judgment in serial order. In the case of memory studies 
the distortions are recognized as being dependent upon both 
proactive and retroactive inhibition, the former being due to 
the inhibitory effect of all stimuli that precede the one being 
recalled, and the latter being due to all subsequent stimuli in 
the series. 

AwAaLYsis ОЕ RESULTS E 

Just how the inhibitory effects of surrounding stimuli exert 
a biassing influence on the judgment of a particular stimulus, 
and therefore cause the time error, may be seen by examining 
these influences for every stimulus in the series. The 23 card 
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is most correctly judged (81.4 percent of the judgments are 
correct). The accuracy of the judgment is somewhat be- 
clouded by subsequent stimuli in the series, but as it occurs 
at the end of the series the trace of the standard is definitely 
emphasized by the absence of intruding stimuli at one side. 
Naturally errors can only occur by throwing judgments to the 
Side of the weaker stimuli according to their degree of prox- 
imity to the stimulus under question (23 card) which is done 
in about 18.6 percent of the cases. The 22 card is subject to 
the disturbing influence of the 23 card on one side, and of all 
the subsequent weaker ones on the other side, particularly of 
the 21 card, which is equally far removed from the 22 card as 


card which is two places serially removed, causes more dis- 


closed side, in the direction of the center of the series, than 
there are to the open side, and from the D percent method of 
calculating the time error the latter will be Pronouncedly nega- 
tive. The added dip in the curve of the time error at the 22 


sible erroneous places to the open side, and three to the closed 
side, with the slight chance (about 1 on roo), that S may not 
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even judge the card correctly as to color, which adds six more 
possible places for misjudgment. Even if we compare posi- 
tions equally removed in serial order from position 21, we see 
that more mistakes are made by erroneously placing the 21 
card in positions 20 and 19, than in positions 22 and 23—(838 
and 343 mistakes as compared with 714 and 210 respectively) 
due to the greater clarity of the traces at the open end and 
the diminution in inhibiting effect of the surrounding stimuli. 
As a consequence there will be more errors towards the closed 
side of the series and the time errors will again be negative, 
but not so pronouncedly as in the case of the 22 card. 

The reversal of the time error occurs with the 20 card. At 
this point within the same predominating color in the com- 
bination there are three places to the open end and only two 
to the closed end. The trace of the level of reference at the 
weak end (the closed side), of the stimuli is now coming into 
force, and the strength of the open end standard is definitely 
diminished owing to its displacement. If we compare stimuli 
equally removed in serial position we find that fewer errors 
are made now on the closed side—for one position displace- 
ment, 614 as compared with 808; for two positions removed, 
293 as compared with 303 (counting the two 18 positions as 
the same), and the 106 errors in the 23 position are greater 
than all the 74 errors on the wrong side of the color combina- 
tion. Since more mistakes are made on the open side the 
time error is positive. 

The 19 card and the 18 card on the basis of a similar analy- 

| sis show more errors on the open side than on the closed side, 
which of course makes the time errors positive. However the 
magnitude of the positive time error is not as great as that 
of the negative time error for two reasons: first, there is the 
possibility of misplacing cards on the wrong color side of the 
series, greater of course, due to their proximity, for cards on 
the closed end; and secondly, the trace of the weaker stimuli 
being closer to the limen of discrimination, the reference level 
on that side is not nearly so clear as is the reference level on 
the open side; a comparison of the number of correct judg- 
ments for stimuli 23 and 18 brings this out clearly—3903 as 
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compared with 3021. Since the order of the stimuli is re- 
versed in the second half of the color combination an analysis 
similar to the foregoing, but in reverse order, would explain 
both the sign and the magnitude of the time errors. 


SUMMARY 


The hypothesis advanced to explain the time errors in this 
experiment postulates the setting up of frames of reference at 
the terminal stimuli which are inhibited by other stimuli of 
the series in proportion to their deviation from the frames of 
reference. It does seem adequate to explain both the sign and 
the size of the time error according to serial position. Making 
use of previous hypotheses it indicates the complexity of 
the judgment process, the presence of levels of reference 
and sets, and assimilation and contrast effects due to the in- 
hibitory or facilitating influences of the stimuli on each other; 
moreover it emphasizes the similarity between the judgment 
process and the memory phenomena, owing to the fading of 
the trace with time and its tendency to obliteration and dis- 
tortion by subsequent traces. In the light of this explanation, 
the central tendency, or point of minimum time error towards 
the center of the series, is the point usually equally removed 
from both levels of reference where the inhibitory effects tend 
to cancel each other. The migration of the point of zero-time 
error with the extension of the series follows the displacement 
of the levels of reference. The presence of the gradient or 
stepwise phenomenon throughout the series is readily ac- 
counted for on the basis of this explanation. The analogy 
between the judgment process and the recall, both of which 
are influenced by proactive and retroactive effects of similar 
stimuli, and both of which involve fading impressions with 
passage of time, suggests explanations of the effects of inter- 
polated stimuli and background stimuli on the time error, and 
the course of its p-function, or fluctuation with time. 

, n the discrimination of color mass the judgment process 
is affected by both disintegration and: interaction. When the 
judgment is correct, we are dealing with difficulty according 
to serial position; when the 


€ posit ‚ judgment is erroneous, we are 
dealing with time errors. 
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ConcLusions 


On the basis of some 57,600 judgments of color mass from 
32 Ss time errors were determined for serial position. 

(a) There is a progressive trend from negative to positive 
time error for serial position, as the discrimination proceeds 
from stronger to weaker stimuli. 

(b) This trend is independent of color or color combina- 
tion, though these vary in difficulty, since the time errors re- 
main closely similar no matter what the color or the color com- 
bination in the series. 

(c) The time error trend is identical in relative magnitude 
and sign with the skewness trend for serial position, 

(d) The variability of the distributions of the judgments 
as determined by the standard deviation varies but slightly 
with serial position, except for the strongest stimuli. ‘There 
is some indication of an increasing trend of variability from 
strongest to weakest stimuli. 

(e) When Ss are fractionated into quartiles according to 
error score, the time errors tend to regress towards the indif- 
ference level for all serial positions, according to the discrim- 
inatory ability of Ss. The regression is greatest for Qi, the 
best group, and least for Q4. 

(f) An explanation is advanced to account for the time 
errors based upon levels of reference at the terminal stimuli 
and distortions in the judgments caused by the inhibitory in- 
fluences of traces of intervening stimuli. 


(Manuscript received March 19, 1940) 
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STUDIES IN THE TRANSPOSITION OF LEARNING 
BY CHILDREN: V. THE NUMBER OF STIMULI 
IN THE TRAINING SERIES AS A FACTOR 
IN GENERALIZATION 


BY T. A. JACKSON AND M. E. ECKHARDT 
Columbia University 


А theory of transfer in terms of the conditioned response 
has been set forth by Spence (6). In that formulation par- 
ticular use is made of the concept of generalization. The 
theory was extended by the senior author (2) so as to account 
for the transition from relative to absolute choice at advanced 
stages of practice. This was done by adding to Spence’s 
formula a term which made the degree of generalization a 
function of the amount of practice. That modification of the 
theory appeared to be adequate to account for the results 
obtained in strict transposition experiments where it is pos- 
sible to determine but one point on a generalization curve. 
It is highly desirable to have some empirical data indicating 
the exact shape of these curves. This may be obtained by 
employing a wide range of stimuli in the critical trials rather 
than the conventional two. If responses were obtained from 
a number of subjects on a number of critical trials, sufficient 
data would be had to give an indication of the shape of the 


whole generalization curve. In the experiment reported here * 


that method was used. The results of an earlier study in the 
х present series (5) indicate that transposition experiments can 
not be accounted for entirely by the conditioning theory unless 
an additional *patternedness' factor is employed. In the pres- 
ent experiment another test for the “Р? factor will be made. 
A general outline of our experiment follows: Three groups 
of children were trained to respond to a one-stimulus, a two- 
stimuli, and a three-stimuli situation respectively. In all 
cases the stimulus (or stimuli) appeared in one or more of nine 
squares of a 3 X 3 frame. In Group I (single-stimulus group) 
: s 303 
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„response consisted in selecting the square containing the stim- 
ulus. In Group TI (two-stimuli group) the stimuli were pre- 
sented on adjacent squares and the task was to select the 
square containing the smaller one. In Group III (three- 

* stimuli group) the training was similar and the smallest stim- 
ulus was positive. In all three groups the magnitude of the 
positive stimulus was the same. Following equal amounts of 
training under each condition, the subjects were required, in 
the critical trials, to choose among nine stimuli varying about 
the positive stimulus. By making a frequency distribution 
of the results an approximation of the shape of the generaliza- 
tion curve may be obtained. 

On the basis of the conditioning theory alone, without a 
patternedness factor, the following type of result is expected. 
(We do not have sufficient data on the nature of the ‘P’ 
factor to predict just how it, if present, might modify these 
results.) (1) Group I will show a distribution of responses 
(generalization curve) roughly resembling a normal curve, and 
it should be centered about the single stimulus used with those 
subjects. (2) Group II will show a generalization curve sim- 
ilar in shape but displaced toward the smaller stimuli. (3) 
The distribution of responses for Group III will be still further 
displaced toward the smaller stimuli. In the latter two 
groups it is assumed that there is a gradient of excitation about 
the positive stimulus, and a gradient of inhibition about the 
negative stimuli. "The excitation curve may be assumed to 
lie in about the same place as does the empirical curve for 

; Group І. The inhibition curve will be centered about the 
negative stimulus, It, at the maximum, will not be as strong 
as the positive stimulus ‘at its maximum (6). When these two 
curves are algebraically summated the resultant is a curve 
similar in shape to the curve found for Group I, but, as pointed 
out above, it will be displaced to the left side of the graph 
which represents the smaller stimuli, In discussing the ex- 
pected results the terms ‘relative’ and ‘absolute’ have not 
been used. In the present experiment there are so many 
degrees of relativeness and even of absoluteness that the 
terms may be used only with caution. ' 


LI 
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METHOD or THE ÍNVESTIGATION 


In order to secure sufficient data to give significance to an experiment of this type, 
a substantial number of subjects must be used. The usual method of training indi- 
viduals separately is so long and tedious that a procedure was devised whereby a group 


of from 15 to 20 subjects could be trained and given critical trials at one sitting. The * 


method has been described elsewhere (х), It consists in projecting photographic images 
of the stimuli on a screen; then the subjects designate their choices of the one they 
think is correct by a sort of voting system; that is, by putting numbered tickets into one 
of two or more compartments of a ballot box, The details of the materials, apparatus 
and procedure follow, 

Stimulus Materials.—Two sets of stimulus materials were prepared, one for the 
preliminary trials, and one for the regular training trials and the subsequent critical 
trials. The stimuli used in the preliminary trials were a cross, a triangle, and an octa- 
gon; the cross being positive in all groups. Six other irregular geometrical figures were 
also used at certain stages of the preliminary trials, These were of the same area as 
the cross, etc., but were as different as possible in design, In the regular training, square 
stimuli were used; they were set so that the sides were at a 45" angle with respect 
to the sides of the background. In the critical trials nine stimuli were employed, 
"Their areas were as follows: No. 1, 66.7 sq mm, No. 2, тоо ва mm, No. 3, 150 м mm, 
No. 4, 225 sq mm, No. 5, 337.5 sq mm, No. 6, 506.3 sq mm, No. 7, 7594 *q mm, 
No. 8, 1139.1 sq mm, and No, 9, 1708.6 sq mm. Numbers 5, 7 and 9 were used in 
the regular training, with No. $ positive in all groups. 

All the stimuli were placed in the center of square backgrounds which measured 
100 mm on a side, ‘The largest stimulus covered but 17 percent of the background, 
‘The relation between the background and the stimulus was probably not an important 
factor in this experiment; however, this should be tested sooner or later. 

"The stimulus materials were photographed on 35 mm film and presented to the 
subjects by means of a projector and screen. For this purpose the stimuli were placed 
in different arrangements on a frame with nine square holes in it. Each hole was 
just the size of the backgrounds, тоо mm square, and there were three rows with three 

in each row. The frame itself was $ mm wide and was made of white card- 
board. Only in the stimuli for critical trials were all the squares filled. In the training 
trials the stimuli were arranged in various combinations according to the following 
plan; (1) the positive stimulus should appear equally often in each of the nine squares; 
(2) thé positive stimulus should not appear twice in succession in the same square; 
(3) it should not appear in the various squares in any fixed sequence; (4) when two or 
three stimuli were presented they should be either horizontally or vertically adjacent; 
(5) when two or three stimuli were presented the positive should appear an equal 
number of times in each of the relative positions; that is, to the right, left, upper, lower, 
or middle position; (6) in the critical trials the positive stimulus should appear at least 
‘once in each of the various positions and not more than twice in any position. 

Following each stimulus. presentation, information was thrown on the screen; 
the words "Tits was тик Охи" appeared in the square in which the positive stimulus 
had just appeared, Consequently, each alternate frame in the film strip was an in- 
formation frame. In these frames all the squares but the information square were 
blank. It goes without saying that no information was given following critical trials. 

Response Material;.— The subjects made their choices among the various stimuli 
> by dropping numbered tickets (hat check stubs) into one of nine compartments of а 
ballot box. The ballot box was made in the same shape as the frame in which the 
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stimuli appeared, thus making it easy for them to select the slot in the ballot box cor- 

“responding to any given square on the screen. All subjects were given tickets number- 
ing from 1 to 100 at the beginning of a session, and all of them were to use ticket number 
one on trial number one, two on two, etc. Check-ups were made frequently to see 
that all were using the same numbered ticket. After all trials were over the tickets in 
the various boxes were collected and checked against the presentation order of the 
stimuli. In this way it was possible to determine which subjects made errors on which 
trials and also what choice they made on the critical trials, 

The possibility of cheating was eliminated by setting up three-sided screens on 
each subject’s desk. These were made by clipping together two manila folders and 
setting them on edge with the open side facing the child, the other three sides obscuring 
his tickets and his ballot box from the view of his neighbors. 

Training Procedure.—The children were trained in their own school room. The 
screen was placed in the front of the room and the projector set at such a distance that 
the entire screen (30 X 40 in) was just filled by the large square of stimuli. The 
stimuli, as projected on the screen, varied from 2.25 sq cm to 1463 sq cm; care was 
taken that each child subject could see the entire screen. 

The task required of the child-subjects was explained to them as a type of guessing 

_ ваше. Only nine out of a total of seventy-one failed to learn the task. All children 
were well motivated. The fun of playing the game seemed to be sufficient to hold 
their interest for the 40 to 50 minutes of training. Many of them said they enjoyed the 
game, and none objected to it. 

Subjects.—The subjects were children in the third grade of the William Penn Public 
School and the Hamilton Public School, Mount Vernon, New York. Those who were 
trained on one stimulus shall be designated as Group 1; those trained to select the 
smaller of two stimuli, Group II; and those trained to select the smallest of three stimuli, 
Group ш. Each one of these major groups was divided into two smaller groups for 
convenience in testing. у > 

Group I and Group III were from the William Penn School. The groups were 
equated as nearly as possible for mental аре. They were of a low-class socio-economic 
level. Specific data on the three groups are given in the following table: 


TABLE 1 
Suowinc Numer, Sex, MENTAL AGES AND LQ. or THE 3 Grours 


No. 
LQ. 
1 2 6.11-10.6 
П 2 . .6| 103.5 | 60-125 
7.1 -9.10| 95.0 | 63-119 


7.1 -10.4| 102.5 


* АП of the results and discussion will be based only on those children who learned 
the problem. The criterion for learning was not more than one error in the last 25 
trials. One exception, Anthony B., in Group I, made no errors throughout the training 
except for three errors occurring in the 41-50 trial group, 
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RESULTS 
A summary of the results is shown in Table 2 and in Fig. 


I. They are in line with the expectations. The inter-rela- 


TABLE 2 


SHOWING THE NuMBER AND Percent or Responses To EacH or THE Nine STIMULI 
IN THE CRrriCAL Trrats For Groups I, П Амр Ш 


Group | No.1 | No.2 | No.8 | No.4 No.6 | No.7 | No.8 | No.9 | Total 


No % | No. %| No.| %| No.| % TEE No % | No] % No} % | No. % 


1 | 7{ 20) 2 |а| o| о зе |142| 55 |229| eo |250| 32 [133 | о | о 50 208 | 240] 99.9 
п [а [05| 8 т |45] 17 | 8.5 20011000 


4.0 
ш 74 411| 5 [281 5 |2.8| 14 | 7.8| 180.1000 


PERCENT CHOICE 


STIMULUS NUMBER 


Fic. 1. Showing the distribution of responses (‘generalization’ curve) for each group. 


tionship between the three generalization curves is in general 
as predicted by the conditioning theory of transposition. 
However, the up-turns on the ends of the curves were not 
anticipated, nor was allowance made for the displacement of 
the curve for Group I toward the larger stimulus, although it 
is generally known that children have a preference for the 


larger stimulus. Both of these aspects of the results will be 


discussed later. 
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Closer inspection of the data shows that for Group I there 
were 41.2 percent more choices for stimuli above the positive 
stimulus than below it. The percent choice above and below 
were 59.1 and 17.9 respectively. For Group II these per- 
centages were nearly the same, 38.5 and 36.5. Group III 
showed 49.4 percent more choices for the stimuli below the 
positive. The differences between these curves may be ex- 
pressed somewhat more concisely in terms of Х? The X? 
value obtained when the curves for groups I and II are com- 
pared is 73.445 when the curves for groups II and III are com- 
pared it is 64.12. Both of these far exceed the value of X? 

‚ for 8 degrees of freedom for a probability of .o1. According 
to this analysis the different sets of data are certainly not due 
to the same factors. 

In the foregoing treatment of data the results for all 10 
trials have been thrown together. Although generally the 
response through a series of critical trials may change due to 
practice effect within those trials, that did not appear to à 
significant degree in this experiment. The X? test shows that 
the factors underlying the first 2 trials do not differ signifi- 
cantly from those producing the last 2 trials. The X? test for 
each group yielded values of 2.32, 7.76 and 8.51 respectively 
for the three groups. These represent probabilities for similar 
factors of about .96, .48 and -40. This indicates that there 
were no significant differences between the factors underlying 
the two sets of data, even if they are not quite the same. 

The results have been presented for groups. Frequently 
significant facts are covered up by such massing of data. Al- 
though this experiment has not been caried out with a view 
to making individual analysis of results, since that has been 
done elsewhere (3), it may be well to include one table which 
will give an idea of the variety of response within one group. 
In this table the data have been greatly condensed, and con- 
sequently it may require some explanation. For each subject 
an average response score has been computed. For this pur- 
pose response to the smallest stimulus was given a score of 1, 
and next smallest 2, etc.; the largest stimulus thus would get a 
score of 9. To show the degree of variability for each subject 


ee 
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TABLE 3 


SHOWING THE Averace ‘Score’ AND ‘AveraGe Deviation’ or Eacu SUBJECT + 
FOR THE Тех Critica Trrats Іх EACH OF THE GROUPS 


Seek Group I Group п Group III 
Number 
AM. A.D. AM A.D. AM. A.D. 
1 L5 o7 1.0 о.о Lo 0.0 н 
2 42 04 1.0 оо 1.0 оо 
3 43 0.4 1.0 оо 1.0 о.о 
4 43 0.4 2.0 14 1.0 0.0 
5 4.6 0.5 2.4 0.5 1.0 о.о 
6 47 0.4 4.0 0.2 то оо 
7 4.9 0.2 4 0.5 1.9 14 
8 5.0 о.о 4. 21 2.7 04 
9 5.4 0.9 5.0 0.0 3.8 0.5 
10 5.5 0.5 5.0 0,2 40 0.0 
II 5.8 0.5 5.1 0.2 40 0.0 
12 5-9 0.4 5.5 0.5 41 o3 
1 13 5.9 0.2 5.5 31 47 2.8 
14 5.9 0.2 5.6 0.5 5.0 3.8 
15 6.0 0.2 5.7 0.4 57 то 
6 6.0 о.о 5.7. 0.4 5.7 0.6 
17 6.8 0.3 6.5 0.5 6.5 0.6 
18 6.9 0.2 71 0.5 9.0 о.о 
19 7° оо 7.8 0.8 
20 9.0 оо 9.0 о.о 
21 9.0 оо 
22 9.0 0.0 
23 9.0 оо 
24 9.0 оо 


the A.D. of these same scores was also computed. Table 3 
shows these results for each group. An examination of this . 
tabulation makes it clear that the foregoing analysis for the 
several groups was justified. In no case is the average for a 
group unduly influenced by the results of one isolated subject. 

Since the number of errors made in both the preliminary 
training and in the regular trials was so small, it is not worth 
while to compare those data with the type of response in the 
critical trials.! ; 

Discussion oF RESULTS 

The essential theory set forth in the introduction has been 
supported quite well by the data. The fact of the presence 
of generalization effects among the stimuli employed is clearly 
demonstrated. Although that theory demands that generali- 


1 The raw data upon which these computations were based may be found in the 
- junior author's M.A. thesis deposited in the Columbia University Library. 
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zation operate in each individual subject, our results do not 
specifically show that, because the experiment was not set up 
with such a purpose in mind. The fact that there is some 
variation in results between individuals does not necessarily 
mean that each individual subject did not behave as would 
be predicted by the theory. Various inhibiting and facilitat- 
‘ing factors were doubtlessly at work producing such individual 
differences among the scores. 

Although the three curves representing the results are 
roughly similar to what may be expected on the basis of the 
generalization theory, the up-turns at the extremes of the 
curves are not accounted for by that formulation. Since this 
phenomenon may be of more than minor importance, it will 
‘be given some consideration in this discussion. It does not 

+ seem likely that the distribution of results is due merely to a 
ceiling or floor effect. Rather this trimodality suggests the 
presence of more than one type of factor operating in produc- 
ing these results. The component involved, in addition to the 
generalization mechanism, may be the ‘patternedness’ factor 
which was mentioned in an earlier report (5). If such is the 
case it would operate somewhat as follows for an individual 
subject. He quickly learns to select the smaller stimulus in 
the training situation, but when the critical trials are pre- 

, sented ‘smaller,’ as applied to nine stimuli, becomes ‘smallest.’ 
In fact, what he learned in the training situation was not to 
select a specific stimulus rather than this other one, but smaller 
in the broadest, vaguest and most general sense. What the 

. Subject learns is little more than an orientation; as applied 
to these stimuli it is a directional tendency; that is, a tendency 
toward the smaller (smallest) stimuli. This is supported by 
the observation that stimuli may be transposed after very 
slight training and the subject will make a relative choice 
without realizing that any change was made in the stimuli. 
After more training the relative response will be made as it 
has been observed in the transposition experiments. If train- 
ing is continued still further, the absolute choice will be made 
(2, 3, 4). | 

What seems to occur is something as follows: At first only 
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a vague pattern is learned—a directional tendency; if critical 
trials: are given at this stage of practice, the subjects will 
make a ‘directional’ relative choice—the limiting case. As 
training is continued, this type of choice wanes and another 
takes its place. The latter, presumably, is produced by the 
conditioning mechanism set forth in Spence’s theory, and it 
is this one that accounts for the ‘transpositional’ relative 
choices, as well as the absolute choices. Certainly there is no 
patterning factor operating when the choice has ascended to 
the absolute stage; but at just what stage of practice its effect 
was lost is not clear. 
We wish to tender the foregoing interpretation as very 
tentative, and hope that future experimentation may clarify 
the exact relation that exists between the two mechanisms. 


SUMMARY AND CONCLUSIONS 


Three groups of third grade children (about 20 in each 
group) were trained, by the group method, to make a simple 
size discrimination between visually presented stimuli. Group 
I was trained to react to a given stimulus (stimulus.No. 5 of 
an array of 9), which was presented in one of the squares of 
a frame containing nine stimulus *grounds'; the eight other 
square grounds were blank. Group II selected the same stim- 


ulus (No. 5) when it was paired with a larger one (No. 7). | 


Group III selected the positive stimulus when it was the 
smallest of a trio (Nos. 5, 7 and 9). Following 65 trials of 
practice all subjects were given Io critical trials, the whole 
thing being carried out in one session. In the critical trials 
9 stimuli were presented (Nos. 1-9) simultaneously. In this 
fashion it was thought generalization could be studied for all 
three types of training situations. 

The following conclusions are drawn from the data: 

1. A wide range of responses were made by all groups, thus 
indicating a generalization effect. 

2. The curve for Group I was not centered upon stimulus 
No. 5, but was displaced to the right (toward larger stimuli), 
thus indicating an initial preference for larger stimuli. 

3. The curve for Group II was similar in shape, but moved 
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to the left of curve 1, thus showing the effect of the negative 
stimulus in the training. 

4. The distribution curve for Group III is still further dis- 
placed to the left, indicating a summation of inhibition effects 
generated by the two negative stimuli in the training. 

5. The up-turns at the extreme ends of the curves are inter- 
preted as being due to a ‘patternedness’ factor, the influence 
of which is probably exerted before the generalization mecha- 
nism operates to a significant degree. 

6. It may be inferred that in the absence of a dip in 
the two latter curves just above the negative stimuli, the in- 
hibition effects induced by the negative stimuli must have 
been spread over a range of adjacent stimuli. The resulting 
distribution curves are accounted for by the algebraic sum- 
mation of generalized excitation effects (generated by the posi- 
tive stimulus) and generalized inhibition effects (generated by 


the negative stimuli), plus the effect of the * patternedness? 
factor. : 


(Manuscript received April 19, 1940) 
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THE RANGE OF APPREHENSION AND 
SENSORY DISCRIMINATION 


BY LEO M. HURVICH 
Harvard University 


Hunter and Sigler (7) have reported the results of an ex- 
periment on the range of apprehension,!_ Eschewing the tradi- 
tional approach, they have considered the problem as one on 
visually controlled behavior. More interesting still, they have 
treated it as a problem in visual discriminative behavior to 
be explained in terms of specific visual mechanisms, and have 
determined the extent to which the Bunsen-Roscoe Law is 
applicable to such data. The range of apprehension is here 
defined as the number of dots identified correctly 50 percent 
of the time by an observer for stated stimulus conditions. For 
purposes of analysis, they considered the limen thus defined 
to be a constant effect and determined the relationship existing 
between various durations and intensities of the stimulus when 
both of these physical variables were systematically varied 
throughout a considerable range. 

The experimental findings of Hunter and Sigler indicate 
that within certain limits, the Bunsen-Roscoe Law (Г: = C) 
is applicable to the range of apprehension. Since inspection 
of their graphs for spans of from 1 to 7 dots reveals a striking 
similarity to graphs for data on visual discrimination, con- 
siderations of parsimony lead these authors to apply to their 
own data the photochemical explanations commonly advanced 
to explain the visual discriminatory functions. 

. The writer is in complete accord with Hunter and Sigler’s 
thesis that the phenomena of range of apprehension should 
be related to the known visual mechanisms and interpreted 
in terms of them. The following experiment tends to confirm 

1 We are employing the conventional phrase rather than Hunter and Sigler’s 
suggested ‘span of visual discrimination’ simply to avoid confusing the latter with 
‘visual discrimination.” 

313 


314 LEO M. HURVICH 


Hunter and Sigler’s general view, but also raises a question 
as to the necessity of their specific interpretations. 

Since visual sensitivity is greater for binocular than for 
monocular perception (9, ro),? then, if the range of apprehen- 
sion is a function of visual discrimination, it should follow 
that the range for binocular is greater than for monocular 
vision. To test the validity of this assumption the range of 
visual apprehension was determined for both binocular and 
monocular stimulation with conditions otherwise constant. 


The stimulus cards (5-10 dots) ? were presented by means of a modified Dodge 
tachistoscope at a fixed illumination (1.2 Ёс.) and for a time interval fixed at 100 ms.‘ 
The stimulus field could be presented to either eye alone by occluding the proper opening 
in the stereoscopic hood (without lenses), or to both eyes, by removal of the masking 
card. The usual experimental variations and precautions were introduced and 
observed within any given session, and to compensate for practice effects from session 
to session, 

Determinations were made for six observers (14). In general the total number of 
correct judgments was found to decrease as the number of dots increased in both 
monocular and binocular observation. A comparison of the limens obtaining under 
these two conditions, however, indicates that the results are not univocal. Each 
stimulus was presented 18 times and the results when graphed are not so smooth as 
those of Hunter and Sigler (35 trials). 

These limens were calculated from frequency distributions. Reaction times, 
however, also measure sensitivity (13; 15, 333 ff., 426 #.). Since the subjects responses 
were in general shorter and given with greater subjective certainty for binocular stimu- 
lation than for monocular stimulation, it was decided to time them. The times were 
measured by a voice-key and a chronoscope wired in series with the tachistoscope. 
The observer was instructed to react ‘as quickly as is convenient rather than as quickly 
as possible.” 


Times for two observers are presented in Table I, which 
shows (1) that the average reaction-time for a correct response 
varies directly with the number of dots on the card (cf. 13), 
(2) that the values for each €ye measured independently are 
not the same, and (3) that the average reaction-time for a 
correct response tends to be shorter for binocular than for 
monocular vision (19 instances out of 22). Although the total 
number of cases is small, and the averages are necessarily 


based on an unequal number of Cases, the general trend is 
? Since the completion of the experiments reported Crozi а Hol h 

confirmed these findings (5, 6). However, €f. (x). ee Wiss MAL 
* The dots were .2 cm in diameter and Viewed at a distance of 

= 15!). They were scattered over an area subtending 2° of arc, 
* À more complete description of the apparatus can be found in (3, 167-168). 


46 cm (visual angle 
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TABLE I 


AvERAGE REACTION-TIMES FOR Correct RESPONSES 
B = binocular, L = left eye, R = right eye. Reaction time in millisec. 


Мө рм. A.H.B. 
Dots 
B L R 
5 2.08 2.57 2.56 
6 2.52 2.96 3.06 
7 2.83 3.28 3-27 
8 3-37 4.18 3.92 
9 4.06 3:95 415 
10 497 — = 


nevertheless clear, This result is in conformity with expecta- 
tion—an expectation based on the assumption (vide supra) 
that the process is basically one of sensory discrimination. 

This same result, however, calls into question the necessity 
of Hunter and Sigler’s further specification of the mechanism 
as photochemical in nature. They say: “The span of dis- 
crimination of from 1-7 dots, which is a single discriminatory 
event, is determined by the photochemical processes in the eye 
up to that duration at which the sensory contribution is com- 
plete,” and they add that, the ‘span of attention’ is “а form 
of behavior which in the field of vision is controlled on the 
receptor side by time and intensity factors" (7). 

In contrast to this emphasis on peripheral events it has 
been pointed out that the fact that visual differential sensi- 
tivity is greater for binocular than for monocular vision 
“creates a strong presumption that the physiological processes 
critically responsible for the discrimination of a just noticeable 
difference in brilliance are located in the central nervous sys- 
tem .. .” (8). The results presented here are consistent with 
this belief; the events crucial to the determination of the 
single discriminatory event may be localized in the central 


nervous system.* 


5 Other factors which are less well understood seem also to be operative in addition 
to the simple sensory mechanisms. Hunter and Sigler indicate that for spans of 8 dots 
or more the situation is more complicated in that counting enters the picture and more 
than one event is being dealt with ata time. Other evidence of this greater complexity 
is seen in the differences Warren obtained between simple cognitive reaction-times and 
counting responses for the same stimulus (13). Furthermore, a consideration of the 


316 LEO M. HURVICH 


The significance of this conclusion lies not only in its ap- 
plication to the specific functions investigated by Hunter and 
Sigler; it has wider implications, in that it throws doubt on 
the necessity of the photochemical interpretation as applied 
to visual sensory functions in general) Hunter and Sigler’s 
argument is essentially this: the functions for the range of 
apprehension are (within limits) similar to the visual discrim- 
inative functions; the forms of the latter are completely deter- 

‚ mined by photochemical events; therefore, the same inter- 
pretations are applicable to the phenomena of the range of 
apprehension. This conclusion follows if, and if only, the 
second premise is true. If, on the other hand, Hunter and 
Sigler’s functions for the range of apprehension are primarily 
centrally determined, a presumption favored by the present 
results, then it follows that the functions for sensory dis- 
crimination (in the intact human Organism) are primarily cen- 
trally rather than peripherally determined also.” Thus, it is 
possible completely to reverse their argument from similarity. 

Summary.—Hunter and Sigler have shown that the Bun- 
sen-Roscoe Law is applicable (within limits) to the data on 
the span of visual apprehension. From this they conclude 
that the span of apprehension resolves itself into a span of 
visual discrimination and is thus to be explained in terms of 
photochemical retinal processes. On the basis of experimental 
evidence which indicates that the span of apprehension is sig- 


limited in range by the amount of [brain] tissue available for functional differentiation 
in the perceptual or ideational whole” (2, 198). { 


if о t that we arenot dealing with a complete *response 
, are? in the intact organism (cf. 11, 156-160) for, as Troland has pointed out, *Our 


* Cf. Crozier's analysis of the data used to test the validity of the Bunsen-Roscoe 
Law for photic stimulation. The functions’ being fitted by a normal probability 
integral leads to a discounting of the usual photochemical interpretations (4). 
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nificantly different for monocular and binocular vision, it is 
argued in the present paper that although the processes are 
sensory, the critical determinants of the span may be central 
in nature and not peripheral at all. The validity of the photo- 
chemical equations as quantitative explanations of visual dis- 
criminative functions in general is also to be scrutinized in the 
light of this analysis. 


10. 


п. 
12. 
13. 
ц. 


15. 


(Manuscript received March 26, 1940) 
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THE RELATION BETWEEN REACTION TIME AND 
TEMPORAL LOCATION OF THE STIMULUS 
ON THE TREMOR CYCLE 


BY JOSEPH TIFFIN AND F. L. WESTHAFER 
Purdue University 


It is a commonplace observation that reaction time varies 
not only from one subject to another but also from one trial 
to another for a given subject during a single testing period. 
These variations take place in spite of what is assumed to be 
adequate control of the experimental situation, and in spite of 
introspective assurance from the subject that he is as ‘ready’ 
or ‘set’ one time as another. When such variations in the 
result of an experiment take place, it is a safe assumption that 
something is changing from one trial to another—that the con- 
ditions are not as constant as we have supposed them to be. 

The present experiment was formulated from the hypothe- 
sis that one uncontrolled variable which may have an effect 
on the reaction time is the temporal location of the stimulus 
on the tremor cycle of the reacting muscle group. "Travis (1) 
has shown that thereis a relation between voluntary movement 
and tremors. He reports that “іп the great majority of in- 
stances a sudden voluntary movement blends into the tremor 
rhythm so as to be a continuation of the downward or upward 
phase of the tremor.” 

The purpose of the present investigation was to determine: 

(1) Whether average reaction time differs significantly 
with different temporal locations of the stimulus on the 
tremor cycle, and 

(2) Whether certain temporal locations of the stimulus on 
the tremor cycle result in less variation in reaction time for a 
given subject from one trial to another than do other (or ran- 
dom) locations. $ 

If a location can be found which results in significantly 


shorter reaction times than when this element is uncontrolled, 
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it is reasonable to expect that reaction times obtained when 
the stimulus is kept at this location should show less vari- 
ability from one trial to another than reaction times obtained 
when this factor is left uncontrolled. This would follow be- 
cause with the eliminationof this uncontrolled variable which 
affects the results, the reaction time should be affected by one 
less uncontrolled variable. 


APPARATUS 


The apparatus was set up in such a fashion that the stimulus could be initiated 
(1) on the top phase of the tremor cycle, (2) at random on the tremor cycle, and (3) 
on the bottom phase of the tremor cycle. 

The apparatus consists of two standard tambours, each clamped to a ringstand, 
connected by }” rubber tubing 18” in length. Very thin rubber sheeting was used. 
for the tambour diaphragms in order to make the moving parts of the system as light 
as possible. To this end, also, the tambour lugs were made of stiff cardboard, for bases, 
upon which were glued short (1") lengths of wooden lugs in an upright position. 
Utilizing the regular tambour saddle, the wire pointer was removed and a broomstraw 
4” in length was fitted in its place. A copper wire of very small diameter was then 
wound about the length of the straw and extended, at the end of the straw, to project 
out 2”. The other end of the wire was grounded against the tambour saddle, 

A screw turning device was clamped to another ringstand and two heavy copper 
wires 4'' in length were fastened to the device in a V-shaped fashion. The ends of the 
V were allowed to project in such a manner that one wire was above and the other below 
the 1" projection of wire on the broomstraw. А ‘contact’ key was placed at the base 
of this latter ringstand. ^ 

Behind the first tambour was placed a ‘break’ key in such a manner that its lever 
extended over the tambour drum, almost touching the tambour lug. 

А circuit was then set up (see wiring diagram, Fig. 1) in which a 223 volt battery 
was the source of current. In this circuit a 6-8 volt light bulb (in socket), a chrono- 
scope which records the time in hundred and twentieths of a second, and a small double 
contact relay were placed in such a manner that when contact was made against 
the wire on the broomstraw by either of the two wires in V-shaped position, or when. 
contact was made by the ‘contact’ key, the light would flash on (remaining on because 
of the action of the relay) and, simultaneously, the chronoscope would begin to record. 
The ‘break’ key behind the first tambour was placed in the circuit in such a manner 
that it would break the entire circuit, shutting off both the light and the chronoscope. 
A wallboard shield was placed in the apparatus between the position of the subject 
and the operator. 

When the subject places a finger upon the lug of the first tambour, the finger 
tremors of the subject set up air currents in the rubber tubing which in turn make an 
amplified reproduction of the tremors on the broomstraw pointer mounted on the 
second tambour. These fluctuations are in opposite phase to the original tremor 
(due to the mechanics of the air tubelind tambours). i 

By means of this double tambour apparatus, the stimulus may be given on the 
e tremor, bottom phase of the tremor, or at random with respect to the 


top phase of th t 
' tremor cycle. In giving the stimulus on the top phase of the tremor, the screw turning 
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device, indicated by K in Fig. 1, is rotated until the bottom of the two V-shaped wires 
touches the arm of the tambour. When this contact is made, the light and the chrono- 
Scope are started simultaneously. Since this contact must be made at the bottom 
phase of the excursion of the tambour arm (which will correspond to the upward ex- 
cursion of the tambour B whose lug is in contact with the finger), the stimulus will 
necessarily be given on the upward or top phase of the tremor cycle. In like manner, 
if the screw turning device K is rotated in the opposite direction, the stimulus will be 
given on the opposite or bottom phase of the tremor cycle. In giving the stimulus 
under the two above mentioned conditions, the screw turning device K is rotated by the 
experimenter so as to make contact only when definite tremors are in evidence. The 
presence of the tremor may readily be observed by watching the lever of tambour J. 
For the stimuli given at random on the tremor cycle instead of using the screw turning 
device K the contact key M is used. Since this contact is in no way related to the 
tremor cycle, it is obvious that a series of contacts made through this key will be 
unrelated to any movements of the finger. А 

In order to keep constant the conditions of stimulation from series to series, the 
experimenter watched the lever of tambour J and gave no stimuli through the contact 
key M unless tremors were in evidence at the instant of contact. During the experi- 
ment, the subject is unaware of the mode of initiation of stimulus. He simply observes 
the light, and, as described later, reacts as quickly as possible without knowing that in 
two thirds of the trials he himself is initiating the stimulus through involuntary move- 
ments of the finger. \ 

Upon seeing the light flash on, the subject quickly depresses the finger on the first 
tambour. As the finger strikes the ‘break’ key, the circuit is broken, shutting off both 
light and chronoscope. E 

The length of time the light and chronoscope are on is the subject's reaction time 
for that trial. 

Refinements of the Apparatus 

Since it was desired that the fluctuations of the broomstraw pointer be exactly 
one half cycle opposite the position of the finger in its tremor cycle, it was necessary to 
determine the optimum length of tube which should join the two tambours to produce 
this result. i 

` -With special pointers in the tambour saddles, the tambours were set up one over 
the other against a kymograph drum and records made using various lengths of tubes. 
It was found that up to three times the length of the first tube (18”) there were no 
observable differences in the phases of the tremor curves. That is, the peak of the one 
cycle record fell exactly vertically below the very bottom of the trough of the other 
cycle record. At four times the length of the tube, a slight lag in the second tambour 
was noted. From this preliminary experimentation it was concluded that a tube 18” 
in length was sufficiently short so that the time lag between the two tambours could be 
disregarded for the purposes of the present experiment. 

It was also necessary that the light stimulus occur at the instant of contact. To 

. discover if this was the case, the stimulus light was flashed in front of (and focused upon) 
an aperture in front of a moving photographic film. A hole was cut in this film and a 
copper wire, serving as a brush, made contact with a copper plate through the film when 
this hole reached the aperture. А 100 cycle time line was simultaneously photographed 
on the film. ‘The developed film thus revealed the lag of the stimulus light after con- 
tact is made. It was found that this lag could be reduced to .005 seconds by using 9 
volts of current on the 6-8 volt bulb. Nine volts were therefore used to light this bulb 


throughout the experiment. 
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In order to determine the amount of lag in the circuit caused by the relay, a circuit 
was set up in which the relay was placed between an electric clock and the chronoscope. 
А contact key and a 22] volt battery were included in the circuit. Thus, the difference 
in readings between chronoscope and the electric clock yielded the amount of lag caused 
by the relay. Thirty readings were made and the differences averaged. The average 
amount of lag due to the relay was found to be .o55 seconds. This amount was added 
as a constant to the readings obtained during the experiment. 


PROCEDURE 


The subjects for this study were selected from graduate and undergraduate students 
by their willingness to engage in the experiment. Each subject was seated comfortably 
before the apparatus. The operator was seated to the right of the subject at the contact 
controls of the apparatus. His actions were screened from the subject by the wallboard 
shield. : 

The subject was instructed to place his right arm on the arm rest provided, and 
extend his right hand with the middle finger over the tambour lug. This was demon- 
strated, if necessary. The subject was then given these instructions: “ Bring your 
middle finger down slowly until it lightly touches the lug. Keep your finger lightly 
on the lug until the light flashes on—then, as quickly as you can, press your finger down! 
When your finger presses the long lever down, the light is shut off. You must press 
down as quickly as you can after seeing the light because the length of time the light is 
on is the length of your reaction time for that trial." 


in order that he be prepared. He was also told that the finger need not be poised over 
the lug between trials, but could be relaxed until the next ‘Ready’ signal. 
Several trials were made in order to determine if the subject was following instruc- 


contact made. 


For all subjects, the contacts were made in the same order which was: first, top 
phase of tremor; second, random phase of tremor; third, bottom phaseof tremor. This 
order was repeated until the series was completed.- 

Fifty subjects were used in the experiment, Each 


ubject i ial 
each stimulus location, or 6o trials in all. EE 


` REsutts 


The results for mean reaction time and variability of re- 
action time under the differ 


ction ent methods of stimulation are 
given in Table I. 


_ The differences between the figures shown in Table I can- 
not be evaluated without considering the correlations between 
reaction times under the several conditions studied. 
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TABLE I 


Mean Reaction Time or THE 50 Ѕивјестз WHEN THE STIMULUS 1s LOCATED AT 
DIFFERENT POINTS ON THE TREMOR CYCLE 


Stimulus at Stimulus at Stimulus at 
Top Phase on Bottom Phase of Random on 
Tremor Cycle Tremor Cycle Tremor Cycle 

-193 +193 +203 
.028 .029 .030 


These correlations are shown in Table II. 


TABLE II 


InTERCORRELATIONS OF Mean Reaction Tres WHEN THE STIMULUS 1s LOCATED 
at DIFFERENT Points on THE TREMOR CycLE 


Stimulus at Stimulus at 
Bottom Phase of ^ Random Phase 
Tremor Cycle Tremor Cycle 
Stimulus at top phase of tremor cycle....... .95 + .015 94 + .018 
Stimulus at bottom phase of tremor сусіе.................... 96 012 


From the data tabulated in Tables I and II it was possible 
to determine the significance of differences in mean reaction 
time and variability of reaction time under the different con- 
ditions of stimulation. These calculations are given in Table 


ш. 
TABLE III 


DIFFERENCES BETWEEN Means AND S.D.'s or Reaction Times OBTAINED UNDER 
DIFFERENT TEMPORAL RELATIONS BETWEEN STIMULUS AND TREMOR CYCLE 


Reaction times obtained when stimulus is given at random 
are, on the average, longer than when stimulus is given 
at the top of the tremor cycle Ьу.................... .010- 


Reaction times obtained when stimulus їз given at random 
are, on the average, longer than when stimulus is given 
at the bottom of the tremor cycle by....... Dies dive .] ото 


Reaction times obtained when stimulus is at the top of 
tremor cycle are, on the average, the same as those ob- 
tained when stimulus is at the bottom of the tremor cycle | .000 
S.D. of reaction times when stimulus is given at random is 
greater than when stimulus is given at the top of the 
tremor cycle by... eee ptt 2 
S.D. of reaction times when stimulus is given at random is 
greater than when stimulus is given at the bottom of the 
tremor cycle by. ......... ERR DOO 
S.D: of reaction times when stimulus is given at the bottom 
of the tremor cycle is greater than when stimulus is 
given at the top of the tremor cycle by asii ira ees eee Roo) 
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The figures given in this table show that average reaction 
time is shorter by a slight (but significant) amount when the 
stimulus is given at the top or bottom of the tremor cycle than 
when it is given at random. The data also show that the 
variability under the two first named conditions is slightly less 
than that under the latter condition, though the differences 
in variability are not statistically significant. The tabulated 
data also show that there is no difference between average 
reaction time for the top phase of tremor stimulus and the 
bottom phase of tremor stimulus. . There is а difference, but 
not a significant one, between the variability of the former and 
latter reaction times, the reaction times from the bottom phase 
of the tremor stimuli being slightly more variable. 


SUMMARY 


This study has demonstrated that for a group of 50 sub- 
jects, the mean reaction time is significantly shorter when the 
stimulus is given on the top or bottom phase of the tremor 

‚ Сусе than when given at random with respect to the 
tremor cycle. In other words, one heretofore uncontrolled 
factor which accounts for a part of the variation in reaction time 
from trial to trial is the temporal location of the stimulus on 
the tremor cycle, As to be expected when a new (and in- 
fluencing) factor is placed under control, the variability in re- 
action time is smaller when the stimulus is given at either 
extreme of the tremor cycle than when givenatrandom. The 
reduction in variability, though slight, is such that there are 
98 chances in 100 that it is not due to chance when the stimulus 
is given at the top of the tremor cycle, and 79 chances in 100 
that it is not due to chance when the stimulus is given at the 
bottom of the cycle, 

The reduction in variability, though slight and not con- 
clusively significant statistically, is in the direction we would 
expect when a determining factor which has previously been 
allowed to vary randomly is placed under control. 


` (Manuscript received April 4, 1940) 
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EFFECT OF BENZEDRINE SULPHATE ON 
BLOCKING IN COLOR NAMING * 


BY RALPH F. BERDIE 
University of Minnesota 


Benzedrine is a recently discovered compound of the epi- 
nephrine series. Its chemical formula is CSH;CH;CHNH;CH; 
and its chemical name is phenylisoprophylamine. Prelim- 
inary experiments have suggested that the drug is a stimulant 
which, in most instances, has apparently failed to leave any 
after-effects. ; 

Its physiological effects have been reported by Guttmann 
and Sargent (6) and Peoples and Guttmann (13). Twenty 
m.g. or more raises the blood pressure appreciably, with the 
period of latency between 45 minutes and two hours and the 
maximum effect appearing about one hour later. When taken 
on an empty stomach, the speed of absorption tends to pro- 
duce dizziness, shivering, palpitation, tremor and anorexia. 
It also tends to inhibit urination and evacuation of the bowels 
(12). : T 

Reports of the psychological effects of the drug are some- 
what contradictory. Peoples and Guttmann found it pro- 
duced an increase in the number of continuous additions. 
McNamara and Miller (8), using smaller dosages, discovered 
no effect upon three digit multiplication. Molitch and Eccles 
(9) found the drug produced higher scores on retests with 
intelligence tests and Molitch and Sullivan (то) noted that it 
produced higher scores on retests with the new Stanford 
achievement tests. 

Gwynn and Yates (7) give the reactions reported by 14 
college students given doses of ten m.g. benzedrine sulphate. 
'They reported temporary increase in energy, increased power 


* This study was done under the direction of Dr. M. A. Tinker. The author is 


grateful for many helpful suggestions. 
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of mental concentration, insomnia, decreased appetite, head- 
aches and nervousness. 

The drug has been used with success in the treatment of 
narcolepsy by Prinzmetal and Bloomberg (14) and by Ulrich, 
Trapp and Vidgoff (20). Schilder (16) and Nathenson (11) 
report successful symptomological treatment of neurasthenia 
and nervous exhaustion with the drug. Wilbur, McLean and 
Allen (21) found it had favorable results with chronic exhaus- 
tion, depression and psychoneurosis. Guttmann and Sargent 
(6) conclude that it helped mildly depressed patients, patients 
in anxiety states and schizophrenics lacking initiative. Some 
schizophrenics were made more depressed. Reifenstein and 
Davidoff (15) used the drug successfully in the treatment of 
alcoholic psychotics and they suggest that the results are even 
more favorable in the case of non-psychotic alcoholics. 

Bradley (5) gave doses of two m.g. to thirty children, five 
to fourteen years old, who were in a hospital for behavior dis- 
orders. He reports that they became more interested in 
school, did better work and were emotionally subdued with 
no loss of interest. He offers the explanation that the appar- 
ent inhibition of undesirable behavior was due to the drug 
stimulating higher cortical centers whose function it is to in- 
hibit behavior. 

From these clinical and experimental reports there is some 
indication that benzedrine sulphate is a stimulant which may 
increase speed and amount of activity, facilitate higher mental 
processes and have a direct influence upon affective behavior. 
There is little indication of any after-effect. The reaction to 
the drug varies both with the individual and the dosage. 

Further investigation of benzedrine in relation to mental 
and motor tasks is desirable. In this experiment it was de- 
cided to determine the influences of fifteen m.g. of benzedrine 
on blocking during color naming. 

Occurrence of blocking in this and other simple responses 
has been studied by Bills (т, 2, 3, 4) who reports that the fol- 
lowing principles apply to the phenomena: (a) Blocks occur 
rhythmically, taking the time of two to six responses; (b) 
Practice reduces frequency and size of blocks; (c) Fatigue in- 
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creases frequency and size of blocks; (7) Rapid responders 
have fewer and shorter blocks; (v) Errors occur in conjunction 
with blocks; (f) Anoxemia results in more and larger blocks. 

Bills suggests that blocking is related to the neurological 
phenomenon of the cumulative refractory phase and Telford 
(19) has discovered characteristics in associative responses 
that show much evidence of obeying the laws of the refractory 
phases. As it seems quite evident that blocking is dependent 
to a great extent upon the physiological state of the organism, 
we may expect it to be affected by a changed physiologi- 
cal state. The present experiment was set up to test this 
hypothesis. 

The purposes of the experiment may be more specifically 
stated: (a) To determine the effects of benzedrine sulphate on 
blocking in regard to number of blocks, length of blocks, loca- 
tion of blocks and effect of fatigue on blocks in a simple re- 
sponse situation (color naming); (b) To determine the effects 
of benzedrine sulphate on the speed of response and the con- 
stancy of this speed within experimental trials in the same 
task. The plan is to account for as much of the variation 
as possible in the above phenomena and reduce the experi- 
mental error to a minimum. 


The subjects were eight male and seven female senior and graduate students in 
psychology. All were in normal health and had normal color vision. Ages of the 
subjects ranged from seventeen to thirty-two. i 

The response studied consisted of simple naming of colors from the Woodworth- 
Wells Color Card. On this card there are 100 colored squares, yellow, blue, black, red 
and green. Each color was 1 c.m. square. They were arranged in ten rows and ten 
columns. The card was cut to a perfect square so when the тоо colors were once named, 
it could be turned on its side and thus continuous responses obtained without repeating 
sequences. A telegraph key which the subject pressed as he made each response was 
connected to a Gaertner Chronograph. Responses, time in seconds, and errors were 
recorded on a moving wax tape. The experimenter stood behind a small screen before 
the subject and turned the card at every 100 responses and recorded the errors. The ` 
recording apparatus was in another room where the noise would not disturb the subject. 
"The experiment was conducted їп the afternoon between 1:30 and 4:00. 

"There were four trials for each subject. Each trial was ten minutes long. The 
first was a practice trial. The second trial was also alike for all subjects. In the third 
trial the subjects were divided into three groups—chosen at random. | Five were given 
fifteen m.g. of benzedrine sulphate, five were given placebos (control dosage of sugar 
tablets), and five were given nothing. The first three trials were given on three suc- 
cessive days. The fourth trial which was alike for all groups was given from four days 
to two weeks after the third trial. Instructions for each trial and for taking the drug 
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were printed and alike for all subjects. The drug was distributed to the subjects the 
day before the experimental or third trial with directions to eat a light lunch the next 
day and to take the drug two hours before the experimental period. 


After the third trial the first two groups were given questionnaires concerning the 
effect of the drug. The benzedrine group reported that they talked more than usual, 
‘accomplished more and concentrated easier, None of the placebo group reported these 
effects were present. However, all but one of the placebo group later reported they 
were certain they had been given the drug. 

In reading the records, a block was counted as any pause between two successive 
responses that was equal to or greater than twice the average time between successive 
responses for each series of 100. Thus the definition of a block was dependent upon 
the individual's speed during a limited time. Responses were counted and measured 
to the nearest fifth of a second. Tables I and II present the proportion of responses 
and the time per response for each group and each trial. 


_ The results were analyzed using Fisher’s method of anal- 
ysis of variance and Snedocor’s F test (18). These results 


were checked by ‘t’ tests and critical ratios, using the SE of 
proportions. i 


TABLE I 


PROPORTION or Responses Мнісн were BLocks ror EAcH Inprvipvat 
IN Елсн Group AND Eacu TRIAL 


a 
ў Individual First Control Trial Experimental Trial | Second Control Trial 


Benzedrine Group 
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TABLE П 


AvERAGE Time IN SECONDS rog Responses or EACH INDIVIDUAL IN 
Елсн Group AND Елсн TRIAL 


Individual First Control Trial Experimental Trial | Second Control Trial 


Benzedrine Group 


I 83 69 77 
2 9) 82 67 
3 63 +58 54 
4 60 -58 54. 
5 «53 52 И 
Control Group 
I 9 56 54 
2 5 56 бї 
3 46 43 eri 
4 09 T 
5 67 бо 57 


With the experiment designed in this way there were sev- 
eral sources of variation which could be directly accounted 
for: (1) the variance between the three groups for each of the 
three trials; (2) the variance between trials for each of the 
three groups; (3) the variance between individuals, and (4) 
the variance between successive responses of each individual 
in each trial. To determine the effect of the drug a study 
was made of (a) the variance between the experimental trial 
of the benzedrine group and the first and second control trials 
of the same group, and (b) the variance between the experi- 
mental trial of the benzedrine group and the experimental 
trials of the two control groups. If the benzedrine has an 
effect, and other things are equal, the responses of the drugged 
group in the experimental trial should differ from their own 
responses in the first and second control trials, and the re- 
sponses of the drugged group should likewise differ from the 
responses of the two control groups in the experimental trial. 
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The data were first studied to see if the benzedrine had any 
effect on the proportion of responses that were blocks. The 
variance between the three groups in the first control trial 
and the second control trials in which conditions were alike 
for all groups was analyzed. The variance was not significant 
and we thus have evidence that the groups are essentially the 
same in regard to the proportion of blocks before any differen- 
tial condition was introduced. The variance between groups 
in the experimental trial in which there was variation in con- 
ditions was also found to be non-significant. We can say, 
therefore, that the differential treatment (benzedrine and 
placebo) had no effect on the proportion of responses which 
are blocks. To substantiate this the variance between the 
two control trials and the experimental trial for each of the 
three groups was studied and found to be non-significant. 
Thus no significant practice effect was present. This may be 
due to the preliminary ten minute practice period. Further 
analysis revealed that the greatest source of variation through- 
out the experiment was the individual differences. 

The lengths of the blocks were analyzed in the same way 
as the frequency of blocks. No significant differentiation was 
found to exist for the length of blocks. 

The proportion of blocks in the first 300 responses and the 
proportion in the last 300 were selected for each individual in 
each trial. No significant variation between these six groups 
of 100 was found either for the placebo or for the control 
groups in any of the trials. Thus no significant fatigue effect 
was present. The probability of significance of variance be- 
tween groups of 100 reached the 5 percent level for the ben- 
zedrine Broup in the first control trial, thus showing a possible 
fatigue effect. In the experimental trial and the second con- 
trol trial this variance was not significant. We can conclude, 
therefore, that there was no significant fatigue effect influenc- 
ing frequency of blocks in any trial. 

The lengths of blocks were analyzed in the same way as 
the frequency of blocks to discover possible effects of fatigue. 
No consistent trends were found and the large experimental 
errors reveal the unreliability of this part of the experiment. 
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With regard to the average length of time per response, no 
significant variation between groups was found in either of the 
two control trials. The variance was not significant between 
groups in the experimental trials. However, when we com- 
pare trials within groups, we find all three groups show an 
increase in the number of responses or speed, in the experi- 
mental trial, but only the increase shown by the benzedrine 
group is significant. Thus comparison of the experimental 
trials with the control trials suggests that the benzedrine does 
result in an increased speed of response. 

The speed of responses in the first three hundred and last 
three hundred responses in each trial was also analyzed for 
evidence of any fatigue effect. No statistically significant 
fatigue effect was discovered in either the control or experi- 
mental trials. 4 ; 

The analysis of variance method employed in this study re- 
veals the sources of variation. The variance between groups 
was measured. Then the variance within groups was broken 
down into variance between trials and variance between in- 
dividuals. The variance within individuals was broken down 
into variance within trials and experimental error. This 
showed a satisfactorily small experimental error in all cases 
but that part of the experiment dealing with length of blocks. 

The data warrant the following conclusions: (1) Fifteen 
m.g. of benzedrine sulphate has no effect on (4) number of 
blocks occuring in color naming, (b) length of blocks, (c) loca- 
tion of blocks within trials, (d) influence of fatigue on length 
of blocks, and (e) influence of fatigue on speed of response; 
(2) Fifteen m.g. benzedrine sulphate slightly increases speed 
of response in color naming; (3) Most of the variation in block- 
ing and speed of response is due to individual differences. 


(Manuscript received April ro, 1940) 
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А HEMI-PERISPHERE FOR VISUAL 
MEASUREMENTS 


BY ROBERT W, BURNHAM 


Department of Psychology, 
Rutgers University, New Brunswick, №. J. 


In the measurement of the limits of the retinal color fields, 
visual blind spot, and other peripheral visual functions, ap- 
paratus in the past has been limited usually to some form of 
semi-circular arc arrangement. Devices of that type have 
reached virtually the limit of mechanical perfection still with- 
out providing an efficient means for obtaining a homogeneous 
background devoid of distractions, or without well controlled 
illumination of the ‘field.’ 

A device has been designed and a model constructed which 
has all the advantages of older types of perimeters, and which 
has practically eliminated the disadvantages. "This particular 
device was constructed to measure color zones. A virtual 
‘Ganzfeld’ is available to the observer, there being a homo- 
geneous ground obtained by the use of a thin hemispherical 
aluminum shell,! 20 inches in diameter, mounted at its center 
on a bearing by means of a steel rod projecting to the outside 
of the shell from the center axial point of the shell. ‘This steel 
rod screws into the shell at this point and serves inside as a 
fixation point (see Fig. 1). 

Upon the open edge of the shell at its locus of maximum 
diameter a cylindrical front portion was constructed by bend- 
ing a sheet of thin aluminum, 3 inches wide, into a cylinder 
having an inside diameter of 20 inches so that it could be fitted 
over the edge of the shell. A heavy circular copper band of 
rectangular cross section $ inch x 4 inch was bolted over the 
cylinder-hemisphere joint. The rear edge of this band of cop- 
per serves as a ‘track’ upon which the cylinder-hemisphere 
unit can rotate. The band also gives strength to the unit. 

1 These shells can be obtained relatively cheaply in an unfinished form, by writing 


to the author of this article. 
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Fic. 1 Fic. 2 


Tic.3 


Fic. 4 


A thin circular aluminum facing, 20 inches in diameter, was 
cut out and bolted to the cylindrical front of the cylinder- 
hemisphere unit. Та the center of this circular facing was cut 
a round hole, 14 inches in diameter, inside of which was 
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fastened another cylinder similar to that outside. (This is 
most plainly visible in Fig. 4.) The whole front-piece con- 
sisting of the two cylinders and facing looks very much like a 
large doughnut-cutter when removed from the hemisphere. 
The facing and inner cylinder, unbolted from the outer cyl- 
inder, are shown at the bottom of Fig. 2. Inside this cylin- 
drical front-piece eight lights were arranged (see Fig. 2) to 
provide controlled illumination of the field. Small bulbs of 
high wattage radiating little heat are necessary in this limited 
enclosed space. ‘ 

On top of the shell was mounted a protractor on a heavy 
brass semi-circle, and at the center of the protractor hangs a 
hollow copper tube, 4 inch inside diameter, which was bent to 
conform to the shape of the shell. At the lower end of this 
tube, as shown in Fig. 2, a target was fastened. ` This target 
consists of a circular piece of copper which has at its center a 
2 mm circular aperture, serving as a stimulus patch. On the 
back of the target was placed a track to hold vertically a series 
of four small Wratten filters mounted in a row in glass. A 
small electric bulb (having a dry-cell source) placed behind 
the filter track provided illumination for the filters. The 
proper filter could be moved into position for observation by 
pulling upward on a knob at the upper end of the copper tube 
(outside the shell) which was fastened to an automobile choke- 
wire that passed down through the copper tube and was 
fastened at its lower end to the row of mounted filters. Wiring 
for the electric bulb was accomplished by using the copper 
tube as one conductor and the choke wire for the other. This 
was possible since the copper tube was lined with rubber tub- 
ing which serves as insulation. Asturdy steel bearing through 
which the copper tube runs was mounted at the center of the 
protractor. The heavy bearing serves to keep the copper tube 
and target steady and rotating on a single axis. Attached to 
the upper end of the copper tube (which projected above the 
bearing) is a pointer-arm to indicate degrees on the protractor- 
This arm also is used to turn the target. 

The shell rests at the front upon a semicircular track of 
copper fastened to the stand upon which the whole apparatus 
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was placed and having the same cross-sectional dimensions as 
the track on the cylinder-hemisphere unit. The track on the 
cylinder-hemisphere unit was placed in front of and next to 
the track upon which the shell rested. The shell was held 
upright in this position (where it can be rotated) by a collar 
placed on the steel tube located at the rear center of the shell. 
This steel tube passes through a bearing mounted by means 
of a suitable support upon the stand. The collar is on the 
back side of the bearing and so holds the shell firmly between 
the bearing (on the back) and the track (on the front). On 
the rearmost end of the steel tube which passes through the 
bearing was placed a circular aluminum disc (see Fig. 3) cali- 
brated in degrees and of the type used on color-mixing motors. 
This disc is faced by a fixed. pointer to indicate degrees of 
turning of the shell. It is possible to rotate the shell to any 
desired position, bringing the protractor scale and attached 
copper tube with target and stimulus patch to any meridian 
in which it is desired to make measurement. The whole ap- 
paratus is mounted upon a stand having legs which can be 
adjusted to any height depending upon the subject. A head 
rest is mounted on the stand. The steel base of the head rest 
curves around and into the shell so that the subject’s eye for 
observation is directly in line with the center of the turning 
copper tube with attached stimulus. "The inside of the shell, 
the copper tube, the target, and the head rest were sprayed 
with white paint giving a pronounced effect of depth with a 
minimum of distracting elements, Shadows are negligible and 
the target blends with the ground almost completely. 

It can readily be seen from. the illustrations that many 
refinements are possible on this apparatus. The present one 
serves merely as a model. | It eliminates customary sources 
of distraction, gives controlled background illumination as 
well as a homogeneous field almost lacking in apparent sur- 
face, and it may be varied to measure all perimetric visual 
functions. The apparatus is also relatively inexpensive to 


construct; the materials for this Particular model cost less 
than $30. ' ‹ ; 


(Manuscript received April 9, 1940) 


A SIMPLE, INEXPENSIVE, AND PORTABLE 
APPARATUS FOR DEMONSTRATING THE 
‘PHANTOM’ SOUND 


BY HILDING B. CARLSON 
The University of Illinois 


If two similar sounding objects are located differently and 
vibrated simultaneously, a single sound—known as the phan- 
tom sound—is heard and is localized as being at some posi- 
tion between the two objects. Within certain limits, the 
apparent location of the resulting sound can be varied by a 
number of techniques, one of which is to alter the relative in- 
tensities of the vibrations of the two objects. This is the 
method that was used by Matsumota (2) and others in studies 
on the directional localization of sound, and is the method 
employed in the apparatus to be described. 

In order to demonstrate the phantom sound to students 
in a course in perception, the author devised a simple, inex- 
pensive and portable apparatus. Since the entire mechanism 
can be enclosed in a box less than 12" X 6" X 5” in size, it 
is small enough to be transported easily to and from a class 
room, so that demonstrations can readily be given in class 
rooms in schools that do not possess separate rooms for experi- 
mental and demonstrational purposes. The essential parts 
include a pair of ear phones (1500 ohms), a potentiometer Ri 
(200,000 ohms) with uniform resistance change, another po- 
tentiometer Re (2,000 ohms), an ordinary buzzer, a flashlight 
battery, a switch, and wire. Most of the, materials used in 
this apparatus were obtained from a discarded radio set. In 
order to diminish the sound at the buzzer, the entire apparatus 
was enclosed in a box made of sound absorbing boards. The 
hook-up is given in Diagram 1. _ 

Ingpperation, the éar phones are snugly adjusted to the 
head, the switch is turned on, rheostat Re is operated so as to 
get an intensity of sound neither too loud for comfort nor too 
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Diacram r Wiring diagram for changing the relative intensities 
` оЁ the sound at the two ears, 


weak to prevent getting a marked phantom sound effect, rheo- 
stat К, is then rotated slowly, first in one direction to the 
extreme degree, then in the other direction to its extreme posi- 
tion, etc. The locus of the resulting sound will be perceived 
as moving from one ear to the other, back again, etc. Some 
subjects report that they localize the sound as within their 
heads, others as above their heads, and some as behind their 
heads. Further discussion of this phenomenon is given in (1). 
Р (Manuscript received April 19, 1940) 
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THE ROLE OF HEAD MOVEMENTS AND 
VESTIBULAR AND VISUAL CUES IN 
SOUND LOCALIZATION? 


BY HANS WALLACH 
Swarthmore College 


In a previous paper? the writer has demonstrated that a 


° distinct localization of sound exists for directions which do not 
fall into the horizontal plane but lie above or below at varying 


elevations, in other words that a discrimination of directions 
with respect to above and below and front and back is pos- 


sible as well as discrimination with respect to right and left 


wh 


ich has been studied for many years. It was found that 


only a head movement during the presentation of the sound 


affords an adequate discrimination of sound direction in the _ 


dimension of above and below and thus makes localization 
complete. This is probably the reason why sound localiza- 

tion with respect to above and below has not been demon- 

strated in the laboratory at an earlier time. The paper re- 


ferred to gives an analysis of the manner in which a complete 
perception of a sound direction is achieved with the help of a 


+ head movement. The binaural cues on which sound localiza- 


1'The writer wishes to express his gratitude to Prof. W. Koehler and to Dr. Mary 


"d Henle for their help in preparing this manuscript. 
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2 Ueber die Wahrnehmung der Schallrichtung. Psychol. Forsch., 22, рр. 238-266 
A short English report on the same work has been published in the J. Acoust, 
Amer., 1939, pp. 270-74 (II). The two papers will be referred to as I апа II 
ctivelylle In the present paper the writer has attempted to present the material 


in such a way that it can be understood without knowledge of the previous papers, 
While paper II lacks theoretical discussion it may be useful for a quick reference to 


previous experimental results. 
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* tion is primarily based do not suffice to characterize a sound 
direction completely. Yet, during a head movement the 
binaural cues as produced by the sound direction are altered, 
and the particular form of this change can in each case strictly 
determine the given sound direction. This is thoroughly 
discussed in the article mentioned. Experiments are reported 
in which perceived sound directions were synthetically pro- 
duced in accordance with the head movement principle, which 
"was thus verified. Tt is obvious that the change which the 
primary factors undergo due to the head movement can 
characterize a sound direction only if the exact kinematic 
properties of the particular head movement are taken into 

. account. Two sets of sensory data enter into the perceptual 
process of localization, (1) the changing binaural cues and (2) 
the data representing the changing position of the head. It 
is the latter with which this paper is concerned. ‘The man- 
ner in which they are secured is the object of this investiga- 
tion. ' 


I. Tue Rore or Heap Movement IN AUDITORY 
LOCALIZATION 


It has been shown that the binaural cues for sound local- 
ization, time difference and difference of intensity, convey 
the angular distance of the given sound direction from the 
axis of the ears. Thus, they only determine how far from 
the median plane, on the left or on the right side, the given 
source of sound is located. Whether it lies in front or in the 
rear, above or below the horizontal plane, remains undeter- 
mined, and the same is true of the amount of its elevation. 
The angular distance of the given sound direction from the 
aural axis which is actually determined by the binaural cues 
has been called the lateral angle (1), and it is treated in this 
paper as if it were a directly given sensory datum. This 
lateral angle can be counted from either pole of the aural axis. 
~  3'This is the terminol i 
refers to the complement sitet andi КО, б Mee usse es 
‘of the sound direction from the median plane and was chosen to represent the lateral 


angle for historical reasons, The motive for changing to ith 
which the angle y can be visualized. чынны inka a 


“SOUND LOCALIZATION + 341 


If it is 90°, the sound direction lies in the median plane of the 
head. It follows that the binaural cues determine merely a 
range of directions, any of which would, if actually presented, 
produce the same binaural stimulation. It is significant that 
such a range of possible directions for a given sound is never 
perceived. We hear a sound that appears for the most part 
in one definite direction. .It has been shown that this is due 
to head movements during the perception of the sound. A 
motion of the head will, in most cases, alter the position of 
the aural axis and at the same time change the angle between 
the latter and the given sound direction. It will be seen 
shortly that this change of the lateral angle can define the 
direction of the source of sound; and actually the perception 
of the proper direction is achieved through a head movement 
affording such a change of the lateral angle. 

In order to show that the change of the lateral angle with 
the head movement can define a direction, we shall consider a 
number of particular cases. We shall at first assume that 
the head is turned about a vertical axis, so that the displace- 
ment of the aural axis occurs in the horizontal plane. If the 
given direction lies in the same plane, the angle between this 
direction and the aural axis (the lateral angle) changes by the 
amount of the displacement of the aural axis. This is 
obviously no longer true when the given direction is not in 
the horizontal plane, but is above or below. While in the 
case of the horizontal direction the lateral angle is measured _ 
within the horizontal plane, in the case of an elevated direc- 
tion the angle between this direction and the aural axis extends 
in an oblique plane. It can easily be seen that this angle is 
affected to a lesser degree by a shift of the aural axis in the 
horizontal plane than is the lateral angle in the case of a 
horizontal direction. If the reader finds himself unable to 
visualize these spatial relations, the following consideration | 
will lead to the same conclusion. , 

"Take the case in which the direction is exactly vertical. 
The direction then exactly coincides with the axis of the head 
movements, and the displacement of the aural axis will not alter 
the lateral angle at all. It remains 90° throughout the head 
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movement. This-is the extreme case. For all other direc- 
tions the lateral angle will be changed by a displacement of 
the aural axis. A direction may be given 60° above thé 
horizontal plane, and, before the head movement starts, 
exactly in front. At this stage, the lateral angle amounts to 
90°. When a movement of the head by 90° brings the direc- 
tion in the lateral position, the lateral angle will amount to 
60°, the aural axis still lying in the horizontal plane with the 
direction 60° above it. A 9o? shift of the aural axis thus 
brings about a 30° change of the lateral angle. For a hori- 
zontal direction, on the other hand, a like displacement brings 
about a 90° change of the lateral angle, as we have seen, while 
for the vertical direction the lateral angle does not change at 
all. These three cases are sufficient to suggest what can be 
learned directly from a visualization of the spatial relations, 
namely, that the amount by which the lateral angle changes 
varies with the elevation of the direction. For a given head 
movement this change is maximal when the direction lies 
within the horizontal plane, and decreases as the direction 
approaches the vertical. 

~ Thus the angular distance of the direction from the hori- 
zontal plane (angle of elevation) varies with the rate of 
change of the lateral angle and is determined by it. For a 
given lateral angle, there are however in most cases four 
directions, which have the same angular distance from the 
horizontal plane: in front and in back, above and below. Of 
these, the two in front are distinguished from the two in back 
by another feature of the. change of lateral angle, the direc- 
tion, viz., the sign, of the change. When the head is turned 
to the left a direction in front will shift toward the right side 
of the head. For the same head moyement, a direction in 
back will shift toward the left side of the head. That is to 
Say, for a direction in front the lateral angle decreases toward 
the right, for a direction in back it decreases toward the left, . 
and the two directions may thus be distinguished, although 
both тау have the same elevation, and consequently the 
lateral angle will change for both at the same rate. Only 
one ambiguity remains: two directions in symmetrical posi- 
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tion with respect to the horizontal plane, one above and the 
other below, are so far not distinguished. 

These considerations concerning the rate and the direction 
of the change of lateral angle are independent of the particu- 
lar spatial orientation of the head movement. The angle of 

-elevation does not, of course, refer to the horizontal plane as 

such, but to the plane in which the aural axis is displaced by 
the head movement, which in the particular case we chose 
coincided with the horizontal plane. Our considerations 
apply as well to such a case as a movement about a horizontal 
axis, that is, a tilting of the head from side to side. Here 
the aural axis shifts in a vertical plane, the ‘angle of eleva- 
tion’ extends toward the front or the rear, and above and 
below now play the same rôle as front and back did in the 
case in which the head was turned. They are distinguished 
from one another through the direction of the change which 
the lateral angle undergoes due to the tilting motion. 

When, upon a movement of the head about a vertical 
axis, two directions remain which are both consistent with 
the given change of lateral angle, one above and the other 
bélow the horizontal plane, a subsequent tilting of the head, 
or any motion which contains the tilting as a component, can 
distinguish between the two possibilities. In fact, natural 
head movements are rarely accurate revolutions about a 
constant axis; they must rather be described as revolutions 
with varying axis. This does not interfere with the qualifica- 
tion of the head movement for procuring a change of lateral 
angle which can determine a sound direction to the extent 
indicated above. But the displacement of the axis which 
occurs during the head movement probably suffices to re- 
move the ambiguity which would result from an accurate 
revolution about a constant axis.‘ 

We have found a number of different movements of the 
head to be effective in sound localization. The most fre- 
quent natural head movement is a turning of the head upon 
which a tilting to the side is gradually superimposed as the 
motion approaches the end of the excursion. In the syn- 


4 For а more detailed discussion of this point cf. 1 $7, 
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thetic production of sound directions which were previously 
reported, a revolution about a vertical axis, in which all 
components of tilting to the side had to be strictly excluded, 
was successfully used. In another group of these experi- 
ments the head movement was even more artificial; it con- 
sisted of a tilting of the head from side to side. With such 
unnatural movements most accurate localizations were 
achieved. We are probably justified in saying that any 
movement of the head which involves an angular displace- 
ment of the aural axis can be effective in sound localization. 
That a head movement which does not involve such a dis- 
placement of the aural axis must be ineffective is evident. 
No change of lateral angle can result from it. Such a head 
movement is a revolution about a horizontal axis extending 
from the left to the right, as it occurs in a straight nodding. 
It is, of course, also ineffective as a component in a kinemat- 
ically more complicated natural head movement. Briefly, 
any head movement may be effective to the extent to which 
it contains as a component a revolution about an axis which 
lies in the median plane of the head. 

The tests which will be reported in the next section are 
performed with synthetically produced sound directions. 
The manner in which sound directions can be synthetically 
produced has been thoroughly discussed in a previous paper; 
thus only a general outline will be presented in the following. 

In experiments on synthetic production, the binaural 
stimulation which a given objective sound direction would 
have produced is brought about without actual presentation 
of this sound direction. We have seen that for a given posi- 
‘tion of the head the binaural stimulation which is produced 
by a given sound corresponds to quite a number of directions. 
All directions which have the same lateral angle produce the 
same binaural stimulation. Thus, so far as binaural cues 
are concerned, any one of these directions can be substituted ` 
for any other one. Where the lateral angle of a given direc- 
tion changes in a characteristic way during a head movement, 
this direction can be replaced by a series of other directions 
which together present the same changing lateral angle. For 
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every position through which the aural axis passes the lateral 
angle can be ascertained, and an equivalent direction can be 
substituted for the given direction. In practice one need not 
even consider an infinite number of such positions because a 
differential threshold exists in discrimination of the lateral 
position of a sound. Of two positions of the head for which 
the lateral angle is merely subliminally different, only one 
need be taken into account. We find it sufficient to consider 
separate positions which are as much as 3° apart. For the 
synthetical production of a certain sound direction, a definite 
head movement must be selected. Separate positions through 
which the aural axis passes during this head movement are 
chosen 3° apart from each other, and for each of these posi- 
tions the lateral angle of the direction which is to be produced 
is ascertained. Thereupon, for each of these positions a 
direction can be selected among those which have the specific 
lateral angle ascertained for this position. In this way a 
series of directions is obtained which are equivalent to the 
direction which is to be produced, if each is presented at the 
moment when the head in its movement passes through the 
position to which it belongs. For the presentation of each of 
these different directions at the proper moment, the head of 
the observer is attached to a switch with 20 contact points. 
Each of these contact points is connected with a loudspeaker. _ 
In a particular experiment the switch permits only that move- 
ment of the head which is chosen in planning the experiment. 
It is always a revolution about a constant axis lying in the 
median plane of the head. During such a movement a con- 
tact spring slides over the contact points one after another, 
thus connecting each loudspeaker in turn. With every 3° dis- 
placement of the aural axis the center of another contact 
point is passed. The position of head and aural axis at the 
moment when the center of each contact point is passed can 
easily be ascertained, and the corresponding loudspeaker is 
placed in the direction which has previously been chosen to 
present the proper lateral angle for this particular phase of 
the head movement. When all the loudspeakers are ar- 
ranged in this manner, the apparatus achieves precisely what 
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is necessary for the synthetic production of the sound direc- 
tion. While the head is moved, directions are presented 
which are equivalent to the direction to be produced. To- 
gether they present the same sequence of lateral angles which 
the synthetic sound direction would bring forth if it were 
actually given. In such experiments the physically given 
sound directions differ widely from the synthetic directions 
which are perceived. 

In previously reported experiments the twenty loud- 
speakers which presented the sound were arranged in front 
of the observer, while the synthetic direction was, for instance, 
in back of or above the observer's head. In another experi- 
mental arrangement the observer perceived a sound directly 
in front, while all the actually presented directions lay above 
his head, distributed from left to right. Localization func- 
tioning on a basis other than the head movement principle 
should lead to the perception of sound in the directions actu- 
ally presented or in their general neighborhood. If neverthe- 
less the synthetic direction is perceived, one can be sure that 
it is solely on the basis of the head movement principle. 


IL PassivE DISPLACEMENT OF THE AURAL Axis 


So far we have consistently used the term head movement. 

. Yet, according to, the discussion in Section I any change of 
' position of the head which involves an angular displacement 
of the aural axis, no matter how it is brought about, must 
suffice to procure a characteristic change of lateral angle. In 
the abstract, it should not matter whether an observer turns 
his head actively, or turns on his heel, or swings passively on 
a revolving chair, if the same displacement of the aural axis 
results. We have already pointed out, however, that two 
sets of sensory data enter into the perceptual process of sound 
localization, the changing binaural cues which represent the 
change'of the lateral angle and the data which characterize 
the displacement of the aural axis. Without the latter, the 
change of lateral angle has no significance for sound localiza- 
tion. The nature of the stimulation which represents the 
displacement of the head will vary with the manner in which 
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the displacement is achieved, and therefore this manner may 
be very significant. In fact, any stimulation which is capable 
of coóperating with the binaural cues in sound localization ' 
should be investigated. For this reason the various ways in 
which the head can be displaced will now be examined. 

Three kinds of sensory data may represent a displacement 
of the head: proprioceptive stimulation from the muscles en- 
gaged in active motion, stimulation of the eyes, and stimula- 
tion of the vestibular apparatus. Usually all three are pres- 
ent, but in experimentation one or another may be excluded, 
and thus the significance of each kind may be examined. 
However, one of them, the vestibular stimulation, cannot be 
eliminated where spatial displacement of the head is involved; 
it will be always present. It should therefore be investigated 
first. / 

In order to eliminate the optical cues for his motion and 
the proprioceptive stimulation which would result from active 
bodily movements, the observer was blindfolded and placed 
on a revolving chair on which he could be turned about a 
vertical axis. А back'rest and a foot rest as well as a rest 
for the chin served to decrease the slight stresses which arise 
when the acceleration is conveyed through the body from the 

; parts in contact with the chair. Except perhaps for stimula- 
tion resulting from these stresses, the observer was made 
aware of the chair’s and his own movements only through the 
function of the vestibular apparatus. The sounds which were - 
to be localized under these circumstances were presented in 
exactly the same way as in the experiments on synthetic pro- 

. duction. This was necessary because of the existence of a 
secondary factor in sound localization, the effect of the 
pinne,® which has no connection with the head movement 
principle, and which might possibly have affected the results. 
By presenting a synthetic sound direction, a differentiation 
between the effect of the head movement and the effect of 
this secondary factor becomes possible. 

In the experiments we shall report here the displacement 
of the head was a revolution about a vertical axis. The loud- 


5 Cf. 1 $18 and пр. 273. 
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speakers were arranged in a single row in the horizontal plane, 
i.e., the same plane in which the aural axis was displaced. The 
first test made with passive displacement and with blindfold 
was the synthetic production of a horizontal direction in back, 
with the row of loudspeakers in front. For this experiment 
the loudspeakers had to be arranged at distances of 6° from 
each other, the angles measured from a point which in the 
actual experiment coincided with the center of the observer’s 
head. 

It can easily be shown that this arrangement is suitable 
for the synthetic production of the desired direction: For a 
certain position of the head, the direction:to be produced may 
lie straight in back. To this position of the head a position 
of the switch may correspond in which the contact spring 
touches exactly the center of a contact point. The loud- 
speaker which is connected with this contact point is placed 
straight in front of the observer. "Thus its direction is equiv- 
alent to the desired direction, for in the case of both directions 
the lateral angle is 90°. Now we assume that the observer 
turns his head 3° to the right. This displacement turns the 
switch by one contact, and at the same time brings the desired 
direction in back closer to the right pole of the aural axis. 
The lateral angle of the desired direction decreases by 3° and 
is 87° for the resulting position of the head. The loudspeaker 
which is connected with this new contact point must be 
placed in a direction which has a lateral angle also of 87°. 
When this is done, its position is 6° to the right of the previ- 
ously placed loudspeaker, that is, 3° closer to the right pole of 
the aural axis on account of the change of lateral angle, plus . 
another 3^ because the aural axis itself is displaced to the 
right by 3° with respect to the position for which the first 
loudspeaker was placed. The center of the following contact 
point is reached after another 3° of displacement of the aural 
axis; the lateral angle of the desired direction in back de- 
creases again by 3°, and again the corresponding loudspeaker 
must be fixed in a position 6° to the tight of the one placed 
just before, that is, 3° to account for the changed position of 
the aural axis and another 3° to account for the decrease in 
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the lateral angle. The same procedure is, of course, applica- 
ble to the placing of all the following loudspeakers in the row 
and can also be applied to those which lie to the left of the 
loudspeaker placed first. Each is 6° distant from the next. 

In an actual experiment when the observer's head is. 
turned to the right by a certain angle, the sound will shift to 
the right by twice that angle, appearing in one loudspeaker 
after another, and when the head is turned to the left, the 
sound will be displaced to the left in the same manner. Thus, 
as the head is turned back and forth the sound slides through ` 
the row of loudspeakers at twice the rate of the rotation of 
the head. To stress again the essential point: this sliding 
sound will present to the observer the same sequence of lat- 
eral angles which characterizes the desired direction in back, 
no matter how quick or how wide the excursion of the head 
may be, provided that it occurs within the range of the switch: 
With 20 contact points 3? apart, the switch allows a maximum 
displacement ofthe head of 60°, and stops on the switch con- 
fine the head movement to this range. The 20 loudspeakers 
6° apart cover an angle of 120°, and this is the corresponding 
maximum displacement of the sound. 

Before the observer was seated, the position of the revoly- 
ing chair was carefully adjusted so that its axis of revolution 
was in line with the axle of the switch which was, of course, in 
these experiments, also in a vertical position. After the 
observer had been placed on the chair, he adjusted his pos- 
ture until his head could be fastened to the switch; for the 
switch had to remain in its position relative to the chair, and 
- only its height above the floor could be altered. When the 
head was fastened, the chin rest was moved up and was fixed 
in the proper position. Then the observer was blindfolded. 
In all experiments reported in this paper, orchestra or piano 
music from victrola records was presented. When the music 
was turned on, it issued from one of the loudspeakers. From 
which one it came depended upon the accidental position of 
head and switch at the moment. The experimenter began 
to turn chair and observer back and forth, and the physical 
sound underwent the corresponding shifts. After a few ex- 
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cursions, interrupted by short pauses, the music was inter- 
rupted, and the observer was asked from where he had heard 
it. 

All five observers who took part in this experiment heard 
the sound in the desired direction in back. When the experi- 
ment was varied in such a way as to bring the loudspeakers 
in back of the observer, the result was again positive for all 
observers: the sound appeared in front. As a further check, 
the switch was so constructed that the mechanical connection 

- between the attachment of the head, on the one hand, and the 
switch proper, on the other hand, could be interrupted. In 
this case the contact'spring remained at rest and one particu- 
lar loudspeaker was constantly connected, while the observer 
was turned back and forth as before. When this was done 
during the presentation, the place of the perceived sound 
changed immediately; now it appeared in the direction of the 
sounding loudspeaker. 

In the synthetic production, the sound was not only 
perceived on the reverse side in all cases, but in 9 of the 10 
trials its direction was also exactly horizontal. Only in one 
case did the sound appear 25? above the horizontal plane. 
It will be shown below that under the conditions in question 
this direction could not possibly have been distinguished from 
a horizontal direction, and that it likewise represents a satis- 
factory result. . P 

The positive results of these tests show clearly that sound 
localization based on the head movement principle is possible, 
even if the observer is passively turned and blindfolded. Yet 
they do not enable us to make an estimate of the accuracy 
with which the localization is achieved under these conditions. 
Firstly, localization within the horizontal plane, the only one 
we have as yet demonstrated, seems to be generally favored. 
If, for Some reason, the data given for the localization of an 
elevated direction are inadequate, the sound is usually heard 
ina horizontal direction. Secondly, under our experimental 
conditions, the displacement of the aural axis occurs strictly 
in the horizontal plane. It has previously been pointed out 
that sound directions near the plane in which the aural axis 
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is displaced (the equatorial plane of the head movement) are 
poorly defined. The reason for this fact is purely geometri- 
cal. In order to ascertain numerically how much the lateral 
angle of an elevated direction changes with a given head 
movement, one makes use of the following formula 


sin (90° — y) = sin B-cos 9,5 


where y stands for the lateral angle (the angle between the 
sound direction and the aural axis), 9 for the angle of eleva- 
tion of the given direction above the plane in which the aural 
axis is displaced, and £ for the angle by which the aural axis 
is displaced within this plane. According to this expression, 
the rate at which y changes with changing @ is largely depend- 
„ent upon the cosine function of the angle 9. Now the cosine 
function shows little change for the angles between o° and, 
say, 30°. Applied to the present case this means that for 
directions of smaller elevation the rate of change of the lateral 
angle is practically the same over a considerable range of 
directions, and a direction which is determined by such a rate 
of change will be poorly defined in spatial terms. This, 
incidentally, furnished the explanation for our accepting a 
25° elevated direction as a satisfactory result in the experi- 
ment under discussion. The rate of change for this direction 
is not different enough from the one which characterizes a 
horizontal direction to afford a discrimination. It may be 
added that under ordinary circumstances these conditions do 
not constitute a real difficulty for sound localization. As 
noted above, natural head movements are revolutions with 
varying axis, and with an approach of the axis toward the 
given direction conditions for a sharp determination of this 
direction improve rapidly. + 
In order to determine how accurately a blindfolded and 
passively moved observer can localize, and especially how 
his achievements compare with results under normal condi- 
tions, a direction was synthetically produced which had an 
elevation of 60° above the horizontal plane—in back when 
the loudspeakers were in front, or vice versa. 


© Cf. 1 p. 245, where p = 90° — у. 
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'The arrangement of the loudspeakers followed the same 
general procedure as that employed in the first experiment. 
As the desired 60? direction, one in back of the observer's 
seat was chosen. That contact point on the switch was as- 
certained which was connected when this direction fell into 
the median plane of the observer's head; and the correspond- 
ing loudspeaker was placed straight in front of the observer. 
A displacement of the aural axis by 3? would change the 
position of the switch so that the next contact would be 
closed. Ат the same time the aural axis would come some- 
what nearer the desired direction, and the lateral angle would 
decrease. Yet this decrease would not amount to a full 3° 
as in the first experiment. An elevated direction, we have 
seen, corresponds to a change of lateral angle which is smaller , 
than the displacement of the aural axis by which it is caused. 
Just how great this change will be can be computed from the 
formula given above. We let 8 equal 3° and substitute for 
9 the value 60°, that is the elevation of the desired direction 
above the horizontal plane, the plane in which the aural axis 
is displaced. Thus we obtain for y the value 88° 30’. Once 

‚ we know the value of the lateral angle, the loudspeaker cor- 
responding to the contact point in question can easily be 
placed. The loudspeaker which was placed first had a 
median position; its lateral angle was 90°. If the displace- 

, ment of the aural axis is clockwise, the new loudspeaker must 
be placed to the right of the first one; that is, closer to the 
right pole of the aural 'axis; for a clockwise displacement 
brings the desired direction in back nearer to this pole. In 
order to determine its exact place we have to take into ac- 
ccount the fact that, because of the displacement, the first 
loudspeaker is no longer in a median position. It now lies 35 
to the left of the median plane, that is 93° from the right 
pole of the aural axis. Thus the new loudspeaker must be 
placed 4° 30' to the right of the one placed first in order to 
make its lateral angle 88° 30’. In other words, of the 4? 30’ 
angular distance between the two loudspeakers, 3? account 
for the different positions of the aural axis when one or the 
other speaker is connected, and 1° 30 account for the change 
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of lateral angle which takes place when the head passes from 
one position to the other. i 

The position of the next loudspeaker may be found in the 
same way. В has here the value 6°, while 9, of course, re- 
mains 60°, and the result obtained for y is 87°. For the 
corresponding position of the head the first loudspeaker lies 
6° to the left of the median plane, while the new one must be 
placed 90° — y = 3° to the right of the median plane, t.2., 
B + 90° — y = 9° to the right of the loudspeaker placed first. 
This loudspeaker is the starting point with reference to which 
the other loudspeakers are placed. In this manner all the 
loudspeakers on the right of the first are arranged. Those on 
the left side are to be arranged in the game way, with the 
qualification that here all angles refer to the left pole of the 
aural axis. When the head of the observer is fastened to 
the switch he must face the first loudspeaker directly, while the 
position of the switch must be such that this loudspeaker is 
connected. 

In the actual test the procedure was exactly the same as 
in the first experiment. The experimenter turned chair and 
observer swiftly back and forth so that the velocity of the 
displacement approximated the speed of active head move- 
ments. Here again the observer could face the loudspeakers 
and have the desired direction in back, or vice versa. It 
seems that the situation in which the desired direction is to 
appear in front is more favorable, because directions in front 
are psychologically better defined than directions in back. 
Thus, most of the tests were done in this manner. { 

With elevated directions there is always the problem of 
how the observer is to indicate the direction of the sound, 
He can give an estimate of the elevation in degrees or he can 
point in the direction of the sound. Neither method is very 
accurate, and constant errors probably occur in both. The 
observer was allowed to choose between the two methods and 
encouraged in the use of both at the same time. Where both 
data are available they are indicated in the table. With one 
exception the 15 observers had only one trial. 
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TABLE 
j Blindfolded Not 
Se A Blindfolded 
Dd B ah AA DEN AET Um р, 60° est m 
IL wie e est e 
Тр .- 55° p, 50° est same 
ЖҮЛ БРИ T Re Ree est 52° р 
у { NT + 65? р, Bo? est same 
Voca Пате 6 за! 
М 50° рф, бо° est 60° p, 60° est 
ui EX ro zm 
p [ез 40° р, 40° est FRIK 
us 5 4 
XI b. 30° 2 70? est 
XII f. 30° est 50° ? est 
ХШ b. зА 70° p 
eu b 107-20" est & ? 
А .. 10°р ? 
Desired direction = 60°, 
`b = loudspeakers in back. 
f = loudspeakers in front. 


Ф = subject points in the direction of sound image. 
est = subject estimates its elevation. 


The results are given in the first column ofthe table. The 
observers are listed in the order of their success in this experi- 
ment. The results of the first 6 are satisfactory, and the 
Temaining judgments are too low. 

With each observer a variation of this experiment was 
performed. The blindfold was temoved from the observer’s 
eyes, the experimenter gave the impression of changing the 
apparatus so as to suggest quite a different experiment, and 
then proceeded just as he had done before. The results are 
listed in the second column of the table. Without the blind- 
fold, 13 of the 1 5 observers showed quite satisfactory results. 
This means that 7 observers showed a definite improvement 

| over their performance when blindfolded. The two who did 
not give satisfactory results (VII and X) were tested again 
with the chin rest removed so that active head movements 
became possible. The results showed no change of the direc- 
tion they perceived. Apparently these subjects belonged to 
that large. group who generally underestimate the elevation 
of any steep direction. The constancy in the results of these 
observers makes this interpretation plausible. 
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Two facts emerge from these results: Firstly, a sizable 
number of observers is able to localize sound adequately with 
passive displacement of the head and with exclusion of sight, 
that is, largely on the basis of vestibular stimulation. Sec- 
ondly, all observers when passively moved are able to localize 
if vision is not excluded at least as well as they would do with 
active head movements. Under the given experimental con- 
ditions the first fact is quite remarkable. A revolution of the 
head strictly about a vertical axis does not entail a change of 
the direction of the gravitational force relative to the vestibu- 
lar apparatus; only forces of acceleration give rise to stimu- 
lation of the vestibular system. This means that no direct 
cues for the position of the head at a given moment are 
obtained in the vestibular system. Even the velocity of the 
displacement of the head can only indirectly be derived from 
the stimulation; for only acceleration and not velocity as such 
can stimulate the vestibular apparatus. In whatever man- 
ner the displacement of the head is functionally represented 
in the process of sound localization, whether as a sequence of 
positions or as a rate of change,’ the original sensory data 
have to undergo a transformation. These circumstances to- 
gether with the fact that here the vestibular data are to be 
evaluated quantitatively raise a new problem in the field of 
vestibular function. ‘The following considerations may help 
to form an estimate of the accuracy with which the vestibular 
data must represent the actual head movement in order to 
make possible the localizations which were obtained in this 
experiment. j^ 

As can be seen from the figures given above; in this experi- 
ment the loudspeakers close to the original one are 414? apart. 
Roughly this is also true of the others. Since the contact 
points on the switch are 3? apart, the shift of the sound direc- 
tion actually presented is 174 times as great as the correspond- 
ing displacement of the head. In the experiment first 
reported the shift of the sound is twice as great as the displace- 
ment of the head, and the image of the sound appears hori- 

T With respect to the achievement of sound localization these two possibilities 
are equivalent. 
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zontally opposite the loudspeakers. Another case which we 
may consider here is the one in which the image of the sound 
is directly overhead. As will be seen below, in this case the 
shift of the'sound actually presented is as great as the dis- 
placement of the head. In short, if the ratio of the displace- 
ment of the sound to that of the head is 1, the sound image is 
straight above; if the ratio is 114, the image is elevated by 60°; 
and if the ratio is 2, it is horizontal. A simple calculation 
shows that in the present case, where the ratio is 114, an 
overrating of the actual displacement of the head by so per- 
cent due to insufficient sensory data would make this ratio 1, 
and accordingly the sound image would appear straight 
above; whereas an underrating of the actual displacement by 
25 percent would make the ratio 2, and the sound would 
appear horizontal. Thus, in this case an underrating of a 
displacement of the head affects the perceived direction more 
strongly than an overrating of the same order. 

An examination of the table shows that practically all the 
inadequate localizations which occurred were too low. This 
may be explained by the asymmetry with which inaccurate 
sensory data for the displacement of the head affect the per- 
ceived direction. In spatial terms, an inadequately deter- 
mined direction may thus have a better chance of being 
-heard below the desired direction than above. However, 
the simple assumption that with vision excluded the displace- 
ment of the head is underrated rather than overrated could 
also account for this finding, and in the experiment to be re- 
ported next, this latter explanation seems to be the proper 
one. 

j A sound image vertically above the observer was synthet- 
ically produced. In this case the arrangement of the loud- 
speakers is especially simple. A sound direction vertically 
above is characterized by the fact that the sound remains 
within the median plane when the head turns about a vertical 
axis; the lateral angle remains 90°. Thus, during such a dis- 
placement, the lateral angle does not change at all, and the 
rate of change is, of course, also zero. In order to duplicate 
these conditions in a synthetic experiment, the sound actu- 
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ally presented in the horizontal has to shift in such a way as to 
maintain a constant lateral angle of 90°. This is the case, 
when the actually presented sound is always either straight 
in front or straight in back of the observer’s head. One 
achieves this by giving the loudspeakers angular distances of 
3? from each other, the same as the angular distances of the 
contact points on the switch. While the observer's head is 
being attached, the switch is in a position which connects the 
loudspeaker straight in front or back. Under these condi- 
tions the actually presented sound is located in the median 
plane for any position of the head. When the head is thus 
attached, the experiment can proceed in the same way as the 
one reported above. 

Of the 10 subjects who took part in the experiment, two 
were unable to localize the sound in the region overhead, even 
under favorable conditions. One of them always heard it in 
the rear about 60° high, and the other one horizontally in 
front or in back. The results for the other 8 subjects are as 
follows: 90°, 90°, 90°, 80°, 75°, 75-70, 70°, 70°; here 90° 
represents the vertical, the other angles refer to directions 
slightly in back of the vertical. Thus, when blindfolded, 3 
of the observers heard the sound in the desired direction, and 
the others localized it from 10 to 20° too far back. When the 
blindfold was removed, they all had the image of the sound , 
vertically above. Again all deviations from the desired 
direction corresponded to an underrating of the displacement 
of the head; and since here misrepresentation of the actual 
t of the head in either sense leads to the same 
amount of: deviation in spatial terms, we can safely adopt 
underrating of the displacement as the explanation. A 
simple calculation. shows that an underrating of the displace- 
ment by 25 percent accounts for a deviation of 20° toward 
the back, which is the maximum which occurred in this ex- 
periment. » In another respect this experiment confirms the 


result of the preceding one: There are subjects who can ade- 


quately localize merely on the basis of vestibular cues derived 


from acceleration, and with the others inaccuracies are re- 
stricted to. what corresponds to а misrepresentation of the 


displacemen 
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displacement by 25 percent. With the aid of vision, more- 
over, passive displacement is just as effective as active head 
movements. 


The distinctly directed deviations from the desired direction which were found in 
these experiments seem to me of particular interest for the theory of sound localization. 
They obviously cannot be regarded as the result merely of an indistinct perception. 
In a purely geometrical sense there are two ways in which the elevation of a direction 
can be characterized by the behavior of the lateral angle during a displacement of the 
aural axis. One way is that the amount of change of the lateral angle referred to the 
displacement of the head as such characterizes the perceived direction, as has just 
been discussed. The value of this quotient would here directly determine the process 
which corresponds to the perceived direction. 

The other way was brought out in the discussion of the maximal differences in 
the change of lateral angle which may occur with different elevations of a source of 
sound: the range within which the lateral angle of an elevated direction can change 
depends upon the elevation above the plane ih which the aural axis is displaced. 
"The greater the elevation of the sound direction above this plane, the smaller the 
range of variation of the lateral angle. Fora head movement about a vertical axis, 
for instance, the lateral angle for a direction elevated 60° above the horizontal plane 
varies only within a range of 30°., An extreme case is the vertical direction; its lateral 
angle does not vary at all. No matter how far the head is displaced, the smallest 
value which the lateral angle of an elevated direction can assume is obviously the 
same as its angle of elevation above the plane'in which the aural axis shifts. ‘Thus 
the limiting value of the lateral angle can directly define the elevation of a direction. 
This constitutes the other way in which the elevation of a direction might be character- 
ized by the behavior of the lateral;angle. 

At is clear from the outset that the second principle cannot alone be responsible 
for sound localization. Long before head movements produce the limiting value of 
the lateral angle, accurate sound localization may be achieved. The question is 

‚ rather whether the second principle—which geometrically is strictly connected with 
the first—plays a secondary róle in sound localization, In other words, are geometrical 
relations 80 fully represented in the Process of sound localization that, because the 
first principle holds, the second—its geometrical corollary—must also hold? 

In this connection, the most interesting case is that of the vertical direction 
because here the second Principle could yield as strict a determination as the first. 


of the head is underrated. The 
yet E actually presented sound is given in the median plane, i.e., with a lateral angle 
of a If the second, the limiting, principle were effective, this could not occur. 
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We must therefore conclude that this second principle plays no rôle in the process of 
sound localization. Itis merely the amount of the change of the lateral angle referred 
to the displacement of the head which is effective in determining the elevation. 


II. THE SELECTIVE PRINCIPLE 

Before further experiments are reported in which sound 
localization is based on visual cues, it seems advisable to 
discuss briefly a general selective principle which is implied in 
all sound localization. This principle becomes particularly 
obvious in experiments in which sound directions are syn- 
thetically produced. Why is it, one may ask, that the desired 
direction is heard instead of the actually presented sequence 
of directions? Obviously because this direction is at rest 
whereas the actually presented sound shifts in space while the 
head is being displaced. Apart from this selective principle, 
the actually presented sequence of directions and the direc- 
tion which is perceived are, according to our previous discus- 
sion, entirely equivalent. They produce, with the head 
movement in question, exactly the same temporal pattern 
of binaural stimulation. We know that almost every lateral 
angle can be represented by a number of different directions, 
and that a given sequence of lateral angles can thus be repre- 
sented by a nearly endless variety of patterns of subsequent 
diréctions. But in a given case this sequence of lateral 
angles, no matter how it is produced, gives rise to one per- 
cept only, that of a stationary direction which is compatible 
with the sequence. 

For the sake of simplicity we shall confine this discussion | 
to sequences in which each succeeding direction is contiguous 
with its predecessor, i.e., cases where the presented sound 
shifts steadily and, moreover, in a plane. Even in this 
simplest case it may be hard to visualize the spatial relations 
which result from the circumstance that both the presented 
sound and the head are displaced. The task becomes easier 
if one chooses the head as frame of reference. With refer- 
ence to the head, all directions which realize a given sequence: 
of lateral angles are displaced during the head movement, the 
actually perceived one as well as the others. Objectively, 
the percieved direction is distinguished from the others only 
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by one fact. The perceived direction is covariant with 
further objects which are given in our environment by other 
senses and which are, of course, also displaced with reference 
to the head when the head is being turned. We thus arrive 
at the following formulation of the principle of rest which I 
believe to be the most adequate: Of all the directions which 
realize the given sequence of lateral angles, that one is per- 
ceived which is covariant with the general content of sur- 
rounding space. } 

It is significant that the principle of rest must apparently 
be regarded as the limiting case of a more extensive principle 
which, although not overt in ordinary sound localization, 
seems to indicate the general way in which the selection is 
made. This broader principle was demonstrated in syn- 
thetic production of sound directions when sequences of lateral 
angles were presented for which no stationary direction ex- 
isted. It was named the principle of least displacement. 
If a sequence of lateral angles is presented to which no sta- 
tionary direction corresponds, the sound is perceived in the 
region where it has to undergo the smallest displacement in 
space while realizing the given sequence of lateral angles. 

Suppose a sound direction vertically above is to be syn- 
thetically produced by means of a sound that shifts in the * 
horizontal plane. In this case the arrangement of the head 
switch and the loudspeakers must bé such as to leave the 
actually presented sound in the median plane of the head. 
This is the condition which must be fulfilled if the desired 
vertical direction is to be obtained. Consequently the angu- 
lar distances of the contact points and of the loudspeakers 
will have to be the same, and if the head is fixed to the switch 
in such a way as to connect at the start the loudspeaker 
straight in front, the sound travels about during the head 
movement so that it is at any moment straight in front of the 
head. If, on the other hand, the head and the switch are 
кош when the loudspeaker in question lies, for instance, 
25° to the right, the sound will, during the head movement, 
always remain 25° to the right of the median plane of the head, 


2.6. at a lateral angle of 65°. No stationary’ direction cor- 
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responds to this sequence. The only case in which a sound 
at rest can be produced with a constant lateral angle is that 
in which this angle amounts to 90°. Неге, it will be remem- 
bered, the sound image appears in the direction of the axis of 
the revolution of the head. When the lateral angle remains 
constant at 65° the sound is perceived at an elevation of about 
65° to the right of the median plane, that is as close as pos- 
sible to the axis of the displacement. Here it moves about in 
correspondence with the displacement of the head. 

It is obvious that at any lower elevation the shift in space 
necessary for the realization of the given sequence of lateral 
angles would be greater. The closer the sound to the axis 
of the revolution, the smaller is the displacement of the sound. 
image in space. In accordance with the principle of least 
displacement, the sound is actually perceived in maximal 
proximity to that axis.® 


IV. ROTATION or THE VISUAL FIELD 


In Section II of this paper, experiments were reported in 
which both proprioceptive stimulation resulting from active 
head movements and visual cues for the displacement of the 
head were excluded. Quite substantial achievements in 
sound localization were shown to occur when only vestibular 
stimulation was thus admitted. If visual cues for the dis- 
placement of the head were added to the vestibular stimula- 
tion, they improved the achievements and even made them 
optimal The question, will now be examined of whether 
visual data alone can represent the displacement of the head 
in sound localization. 

In order to eliminate vestibular stimulation, it seems to 
be necessary to keep the observer physically at rest and bring, 
about a psychological state of motion by means of induced 
ego-movement. When an observer is placed inside a revolv- 
ing'screen he will, after a while, no longer perceive the sur- 
rounding screen in motion; rather he will feel himself rotating 
in a direction opposite to the objective movement of the 

3 Another experiment in which the principle of least displacement determines 
the result is reported in 1 $22. D 
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screen. The question is, of course, whether with respect to 
sound localization the optically produced state of phenomenal 

. movement is functionally equivalent to real movement; in 
other words, whether optical stimulation can replace vestibu- 
lar stimulation. 

The revolving screen used in this experiment was made of 
white cloth which hung down from the edge of a large wheel 
fixed in a horizontal position underneath the ceiling. It 
thus formed a hollow cylinder 43" in diameter. On the inside 
it showed vertical black stripes on a white ground, 214 inches 
wide and 634 inches apart. Wheel and screen were turned 
by a motor at-various speeds." When an observer was placed 
in this small compartment he soon felt himself turning in the 
opposite direction, and soon afterwards the screen appeared 
to be at rest. When now the observer looked down at the 
floor, he saw it turning in his own direction and at the same 
rate. The spontaneous transition from rest to motion was 
often quite disagreeable, but once the screen had come to 
phenomenal rest, as a rule no giddiness was felt. When the 
state of; complete ego-movement was attained, there was 
never a spontaneous change back to the first state in which 
the observer is at rest and the screen moves. The transition 
to ego-movement was facilitated when some object was placed 
inside the screen upon which the observer could let his eyes 
rest. The observer was instructed to look steadily at a 
vertical rod which was placed before him and as close as 
possible to the screen. Soon after the screen began to turn 
the rod showed induced movement in the direction opposite 
to the movement of the screen; and gradually the observer 
felt himself joining in this motion until after a while, with the 

‚ cessation of the phenomenal movement of the screen, the 
state of induced €go-movement became’complete. Thus the 
momentary giddiness which often accompanies the transition 
to ego-movement could be eliminated. 

; А sound which remains in the median plane when the head 
is turned will be perceived in the direction of the axis of the 


* Опе revolution in 7 seconds proved to be a comfortable rate for the screen 
which was used. © А 
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displacement. If this axis is vertical, a sound objectively 
straight above the head would fulfill this condition. But 
the same condition is satisfied when a sound which shifts 
about in the horizontal plane remains throughout in a median 
position with reference to the head. If induced ego-move- 
ment can be substituted for an actual displacement of the 
head, the same effect can be obtained in an experiment with 
the revolving screen. A loudspeaker is placed at some dis- 
tance beyond the screen straight in front of the observer 
whose head is kept in a constant position by a chin-rest. 
When now during induced movement a sound is presented in 
the loudspeaker; the above conditions for hearing a sound 
vertically above are given: the head of the observer ‘turns’ 
about a vertical axis, and at the same time the sound remains 
always in a median position with reference to the head. In 
this stiuation the sound is actually heard vertically above. 
Thus it is shown that induced ego-movement can be substi- 
tuted for a physical displacement of the head. | 

The great simplicity of this form of the synthetic experi- 
ment lies in the fact that instead ‘of two displacements, that 
of the head and that of the sound, only.the screen is actually 
moving. In the state of induced ego-movement the revolv- 
ing screen represents the resting space, and all the objects 
which are physically at rest are therefore represented in the 
same state of motion as that in which the observer who is also 
physically stationary feels himself. The floor of the room 
and the rod in front of-the observer are, as reported above, 
perceived in this state of motion. The loudspeaker would 
move about in the same manner, if the observer could see it. 
Had the distribution of motion and rest which the observer 
perceives in the state of induced ego-movement been objec- 
tively given, this experiment would be’ an exact duplication 
of an ordinary synthetic experiment: the head of the observer 
is displaced about a vertical axis, and the source of sound 
undergoes a corresponding displacement, so that it always 
remains in a median position. 

Of 15 observers who participated in this ex 
were unable, even under ordinary circumstances, 


periment, 3 
to localize 
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a sound presented objectively overhead. The remaining 12 
perceived the sound as vertically above the head, either im- 

` mediately or shortly after the beginning of the presentation. 
In the few moments during which it stayed in the horizontal 
plane it seemed to move about with the observer. When a 
sound was presented exactly to the side, it likewise travelled 
phenomenally with the observer, remaining always in the 
same position with reference to him. Yet, in this case, it 
remained in the horizontal plane. A sound direction which 
coincides with the aural axis is strictly determined by the 
binaural cues alone, just as the pole of the globe is sufficiently 
defined by its latitude, and needs no longitudinal determina- 
tion. No other direction produces the same binaural cues, 
and thus no other direction could replace it. 

If the loudspeaker was placed obliquely to the side, say, 
30° from the median position, the sound was heard obliquely 
above where it seemed to move about with the observer. 
From the above analysis, it is clear that this is an analogue 
of the experiment on the principle of least displacement which 
was reported in Section III. All these observations can be 
made in immediate succession, when the loudspeaker is slowly 

_ carried around from a position Straight in front of the observer 
to one on his side.. The sound which is at first heard directly 
overhead descends slowly to a horizontal position. 

- There is still another experiment which can be performed 
with induced €go-movement. It corresponds to the first 
experiment reported in this paper, where a sound actually 
presented in front was perceived in back, and vice versa. 
This reversal of front and back was brought about when the 
actually presented sound direction was. displaced by twice the 
angle of the displacement of the head. When induced ego- 
Movement is substituted for a physical displacement of the 
head, the same relation of the displacement of the head and of 
the presented sound can be brought about. During induced 
ego-movement, it will be remembered, the observer and a 
stationary sound will be felt in the Same state of motion. In 
order to give the sound twice the displacement of the observer 
jt must in addition be physically displaced in the direction in 
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which the observer feels himself turning, and this at a rate 
which is equivalent to the rate of the observer’s subjective 
motion. If we assume that the subjective rate of motion is 
(in the opposite direction) the same as the objective rate of 
the screen, the sound must be objectively displaced with an 
angular velocity equal to the angular velocity of the screen, 
but in the opposite direction. Thus, in order to obtain by 
means of induced ego-movement, the reversal of front and 
back, we must rotate the screen as well as the source of sound 
about the observer, the screen in one direction and the sound 
in the other direction, but both at the same rate. 

In order to rotate the sound about the observer, a small dynamic loudspeaker 
with permanent magnet was fixed to the end of a long arm which could be swung in a 
circle about the observer. The seat for the observer was fixed on a vertical column 
consisting of 114" steel tubing mounted on a heavy iron base. The arm which carried 
the loudspeaker was rigidly fastened to a wooden block which turned on two ball- 
bearings about the column between the base and the seat. The block carried a 
pulley by means of which the arm was turned around. The outer end of the arm was 
bent up to bring the loudspeaker to the level of the observer's head. Mounted on 
the base was a reduction gear motor which, through a rubber belt, set pulley, block, 
arm and loudspeaker in rotation. A heavy lead fly wheel on the main shaft of the 
motor kept it running at a constant speed. ‘This whole device was placed within the 
revolving screen with the arm projecting out under the lower edge. The distance 
from the head of the observer to the loudspeaker was 150 cm. The current for the 
loudspeaker was carried to the moving parts by two iron wires which, fixed to the 
block, dipped into circular grooves filled with mercury which were cut into a bakelite 


block fastened to the base.!” 

The procedure in an experiment "was the following. After 
the observer had been placed on the seat inside the screen, 
the loudspeaker was made to turn around him. When the 
proper rate of rotation was reached, the screen was set in 
motion at a rate previously determined to match the speed of 
the revolving loudspeaker. ‘The screen turned to the right 
while the loudspeaker shifted to the left. Soon the observer 
would find himself in rotation to the left, while the screen | 
appeared to be at rest. Then the sound was presented. Had 
the observer localized it in the loudspeaker from where it 
actually came, he would have perceived it moving around in 
the same direction in which he felt himself moving, only twice 
as fast. But this never happened. Rather the localization 

"je The writer is indebted to Prof. E, B. Newman for designing this apparatus. 
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of the sound was always reversed with respect to front and 
back. The observer heard it straight in front when the loud- 
speaker actually passed the median plane in back of him, and 
vice versa. For some observers the sound was definitely at 
rest, and they felt themselves passing it as they turned about, 
just as if they were turning on a revolving chair and were 
passing again and again a stationary source of sound. Others 
could.not decide whether the sound moved or remained sta- 
tionary: Often it was heard moving slowly to the right, that 
is in the direction opposite to the subjective rotation of the 
observer and the objective displacement of the loudspeaker. 
Irrespective of such differences, all 20 observers who took 
part in this experiment showed the reversal of front and back. 
When asked “How does the sound behave with respect to 
you?” all observers reported that it shifted to the right, that 
is, in the direction opposite to the actual displacement of the 
sound. This fact is necessarily connected with the reversal 
of front and back. "The binaural cues strictly determine the 
position of the sound with respect to left and right. Thus 
the sound is invariably heard on the left when the loudspeaker 
is on the left and on the right when the loudspeaker is on the 
tight. Suppose now that the loudspeaker travels objectively, 
_ for instance, from a position on the left side to a position in 
back. Since at the same time the phenomenal sound moves 
from the left to the front, the reversal of the direction of 
revolution follows. > 
d may be well to consider how the general selective 
principle which was discussed in Section III applies to this 
experiment. Are the directions in which the sound is per- 
ceived covari 
space? More specifically: Is the soun 
‚ tons covariant with the screen? 

position of the loudspeaker when it 
observer. position 1. In this position the sound is heard 
straight in front. When in its objective revolution to the left 
the loudspeaker has shifted by 90° from its position in back 
to the right side of the observer (position 2), it is actually 
heard in this position. Meanwhile the Screen, too, has been 


d in its reversed posi- 
Let us call the physical 
is straight in back of the 


ant with the general eontent of surrounding ' 
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displaced by 90°, and since its rotation is to the right, the 
part, which was in front when the loudspeaker was in position 
I, is now also to the right of the observer. During the next 
quarter revolution the loudspeaker shifts from the right side 
to the position straight in front (position 3). At the same 
time the perceived direction changes from the right side to 
the position straight in back. Yet the part of the screen 
which just lay in the direction 90° to the right is now likewise 
straight in back, because the screen, too, has undergone 
another displacement of go®. In the same fashion positions 
of the screen and of the perceived sound continue to coincide 
for the remainder of the revolution. Thus we.see that the 
direction of the reversed sound remains always the same with 
reference to the screen. The selective principle applies to 
this experiment. 4 
In the state of induced ego-movement the screen appears 
at rest and consequently the perceived direction should also 
be perceived at rest. This was actually the case with those а 
observers who reported that they seemed to pass a stationary 
sound in their apparent rotation. Others, however, heard 
the sound moving in the direction opposite to their own rota- 
tion. This observation cannot be explained in terms of our 
previous discussion. Purely geometrical considerations lead 
to the conclusion that the reversed sound direction is covari- 
ant with the screen. If the sound is heard in a reversed di- 
rection, as is actually the case, this direction must always 
coincide with a particular part of the screen. However, if 
in spite of this, covariance a moving sound is perceived instead 
of a stationary one, we have a new problem before us. This 
problem belongs to the psychology of movement rather than 
to sound localization. $ 
A last point remains to be mentio. 
ў front and back can often be shown to occur when the observer 
is not yet in the state of induced motion. The stimulus con- 
dition alone which eventually results in phenomenal, move- 
ment of the self apparently suffices to produce the reversal of 
front and back. Here it should be remembered that, as far 
as visual stimulation is concerned, the situation ш which a 


ed. The reversal of. 
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; _ 
subject is actually turning in a stationary screen is entirely 
equivalent to the situation in the present experiment where 
the screen turns and the observer remains physically at rest. 
It seems that a visual stimulation, which is equivalent to that 
resulting from rotation of the subject, produces the correspond- 
ing effect on sound localization, and that this effect occurs 
regardless of whether the phenomenon of ego-movement ac- 
companies this stimulation. 

In Section III two alternative formulations of a general 
selective principle were offered. The evidence which has 
just been cited favors one ofthem. Itnowseems doubtful that 
phenomenal rest as such is the factor which distinguishes one 
direction from all the others Which are compátible with the 
presented sequence of binaural cues. Covariance with the 
general content of surrounding space, however—whether it 
is perceived at rest or not—can still be regarded as decisive 
for the selection of the perceived direction. 
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STUDIES OF ABNORMAL BEHAVIOR IN THE 
RAT. IV. ABORTIVE BEHAVIOR AND ITS 
„RELATION TO THE NEUROTIC ATTACK: 


BY NORMAN R. F. MAIER 
University of Michigan 


INTRODUCTION 


When a blast of air was used to force rats to jump to a 
card that they had previously been trained to avoid Maier (x) 
found that they frequently exhibited a convulsive attack 
which was described as the ‘neurotic pattern.’ Control tests 
showed that the air alone would not release this behavior in 
most of the rats reported in this study and it was therefore 
believed that the conflict between excitation (produced by 
the air) and inhibition (produced by the negative. card) was 
a basic factor in the appearance of the attacks. A later 
study by Maier and Glaser (2), showed that exposure to 
various forms of auditory stimuli (jingling of keys, sound of 
rushing air, electric bell and electric buzzer) produced attacks 
in a large percentage of animals in the colony but the addi- 
tion of barriers which restricted the movements of the 
animals and the addition of a conflict based upon jumping 
to the negative card greatly increased the occurrence of 
attacks in a group of rats. Maier and Glaser, therefore, 
concluded that even exposure to direct stimulation could be 
regarded as a conflict situation since the auditory stimulus 
in such cases gave rise to no specific response but was excita- 
tory in nature and the enclosed space restricted general be- 
havior and served as the inhibitory aspect of the situation. 
This interpretation was supported by the fact that attacks 
increased as the conflict between excitation and inhibition 
became more and more specific. It was also found that there 
was little correlation between the frequency of attacks in the 

l'This study is part of a program of work supported by a grant from The John 
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various test situations even when the auditory aspect of the 
situation was constant. This lack of relationship suggests 
that the cause of the convulsion is perceptual rather than 
sensory in nature, and rules against any theory which tends 
to reduce the problem to a stimulus-response level. 

If we consider the basic mechanism underlying the ab- 
normal behavior to be one of conflict one may expect the 
abnormality to disappear if a mode of behavior which resolves 
the conflict can be established. Maier (т) pointed out that 
many rats develop peculiar modes of jumping, which he 
called ‘abortive jumping,’ when they were required to choose 
the negative card and suggested that this manner of respond- 
ing to the situation reduced the tendency to have an attack. 
It is the purpose of this investigation to study further the 
role of abortive behavior and see whether its development 
and its prevention might not be related to the disappearance 
and reappearance of the neurotic pattern. If abortive be- 
havior can be set up as an alternative to the neurotic pattern 
its development will in effect constitute a psychological cure 
for the convulsive disorder. Previous. observations have 
shown that abortive behavior will appear in the Lashley 
jumping apparatus ? Whenever the probability of punishment 
for a choice becomes fairly great and the animal is forced to 
react. Thus if neither card is consistently latched in a two- 
window discrimination test (the no-solution problem) or if 
only one window is present and contains the negative member 
of a training pair (the one-window situation) the rat is likely 
to stereotype an abortive jumping response, providing it is 
forced to respond. Both electric shock and blasts of air have 
been used to break resistance to jumping in such frustrating 
situations. [See Maier (1), and Maier, Glaser, and Klee 


(3).] 


? The Lashley jumping Apparatus consists of a jumping platform from which the 
rat is required to leap at and strik i i 


and is rewarded for leaping to one and punished for leaping to the other, 
for one of the cards is readily established. ү 
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The abortive jumping responses thus far observed are as 
follows: Т 

1. Instead: of striking the card with the nose the rat 
strikes the card with the side of the body and thus goes to 
either the right or the left of the card. Ina more exaggerated 
form the rat leaps to the right or left of the card and strikes 
the screen lightly with its four legs or with the side of the body 
and then falls to the net. In some cases the rat may leap 
twelve inches to the side of the card. We will refer to these 
responses as right or left abortive jumps. 

2. If no screen is present above the cards to which the 
animal must jump, a leap above the card is fairly common. 
In some cases the animal leaps over a foot above the card. 
(See Fig. 1.) A rat may also combine this form of response 

. with the former and jump above and to the side of the card. 
In the pure form this response is referred to as ‘abortive 
over’ and in combination as ‘over right’ or ‘over left.’ 

3. Since the stimulus card is placed behind the: screen 
some rats become proficient in leaping lightly and catching 

. hold of the window frame with the forepaws where they hang 
until rescued or until they fall. This form of abortive jump 
is fairly difficult to discourage and is referred to as “hanging 


on.’ 


4. In a few cases the rat develops a light jump which 
carries the animal to the card but which is inadequate for 
gaining the ledge even when the card falls over. In some 
animals this response is so slight that the animal does not 
reach the card at all, so that the response becomes, in effect, 

` а jump directly to the net. This form of response is the most 
difficult to recognize since one cannot always detect the light 
jump when the rat reaches the card. It is also the most 
difficult form of adjustment to prevent. We speak of this 
form of abortive response as the ‘light jump.’ х 

5. The construction of the starting box was such that a 
rat could go to the front of the box and turn its body and 
climb to the top. This abortive response will be referred to 


as ‘escape behavior.’ 
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It is characteristic that a specific form of abortive be- 
havior becomes stereotyped. Each animal has his individual 
form and continues it unless interference is introduced. 
Motion pictures illustrating abortive jumping have been made 
by Maier (4). 


Fic. 1. aThe ‘new’ jumping apparatus with an illustration of abortive jumping. 
The enclosed box is the jumping stand from which the rat is required to leap at the 
card placed in the window of the vertical screen. This screen is removeable so that a 
two window screen may be substituted for the one shown in the photograph. Thus 
the same apparatus may be used for the one- and the two-window problems. A 
removeable cardboard screen may be fastened above the windows and so prevent 
the animal from leaping over the card. In the illustration this screen is not in place. 
The photograph was taken while a rat was executing an abortive jump well over the 
negative stimulus card. The air used to drive the rats is led to the jumpingbox by a 
rubber tube shown to the left in the picture and just below the door of the box. The 
air is released from a metal tube (slightly flatened at the end 


) which is bent at. right 
angles'so that the air strikes the animal from behind, 


METHOD AND PROCEDURE 
In order to study the rôle of abortive behavior, rats which 
had previously been extensively studied were used. Each 


git 
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animal therefore had already learned to discriminate between 
the negative and positive cards and each had a record of 
attacks in the one-window situation. Because each rat had 
its individual characteristics, conditions in this experiment 
were manipulated differently in each case. For this reason 
it is necessary to present the record of each animal separately. 

Before one can conclude that abortive behaviomis the 
cause of the disappearance of the neurotic pattern one must 
exclude other possible causes, such as differences in the amount 
of exposure to air stimulation, changes in the animal’s physi- 
ological condition, and adaptation to the situation. It is 
therefore desirable that the neurotic pattern not only be 
caused to disappear but be made to reappear when abortive 
behavior is abolished. This is not always an easy matter 
since a highly susceptible animal may have days on which 
attacks cannot be produced and fairly stable animals may 
have attacks when conditions have not been altered. Be- 
cause fluctuations in susceptibility are common and because 
fairly permanent changes in the animal may occur for reasons 
unknown to the author it was necessary to continue these 
experiments over a considerable period of time. 

Three types of situations were used in these experiments. 
(1) The discrimination test which consisted of a presentation 
of the positive and negative cards of the original training 
series (black circle in white background and a white circle in’ 
a black background, respectively) and then *requiring the 
animal to make a choice. 

(2) The one-window situation in which only one of the 
above cards was presented and the rat was required to jump 
to the card irrespective of whether it was thé negative card 
(and therefore latched) or the positive card. Since the screen 
containing the windows was removable the discrimination 
situation (containing two windows) could be changed into 
the one-window situation by merely exchanging screens, 

(3) The two negative card test which was like the discrimi- 
nation test except that the two cards presented were alike and 
negative. Since abortive jumping is highly specific a given 
abortive response would not haye the same relation to the 
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two negative cards as to the one negative card presented in 
the one-window situation. _ 

In all of these test situations air was turned on as soon as 
the rat was placed in the jumping box. The air was intro- 
duced behind the rat and was constant in intensity. 

The experiments were performed on two different ap- 
paratuses. The old apparatus was used for all tests preceding 
the present experiment. Most of the data in this study were 
obtained with the new apparatus, but frequently the old ap- 
paratus was used to test possible differences in effect. The 
new apparatus was like the old in all respects except that (1) 
the starting box was so constructed as to permit the ‘escape’ 
form of abortive behavior and (2) the screen above the cards 
was removable and when detached permitted abortive jump- 
ing over the stimulus cards. The new apparatus thus made 
abortive behavior more accessible, Figure 1 shows the new ap- 
paratus with the screen above the cards removed and with the 
one-window test in progress. 


REsuLts 


i Rat 32M 
Previous History 
This rat was trained to discriminate between a black circle 
‚ on a white background and a white circle on a black back- 
ground. When the discrimination was complete a series of 
new pairs of cards (in which the size and brightness of the 
figure and the brightness of the background were altered) was 
presented and the animal was forced (by means of air) to 
choose between the members of each pair. In some cases 
the previous training transferred, in others the training was 
inadequate to cause one of the members to be preferred. The 
first attack occurred in this rat when confronted with a critical 
pair in which no preference for one of the members was ex- 
pressed (a non-equivalent pair). After further experimenta- 
tion attacks also occurred when a preference for one member 
of a critical pair was shown (equivalent pairs) and soon even 
the original training pair resulted in attacks. (For further 
details see Maier (1).) É 


P 
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After a two-months interval the rat was transferred to 
the ‘one-window’ situation and attacks occurred quite regu- 
larly. On 11 different days it was presented with the one- 
window situation and attacks occurred on 8 occasions (73 
percent). This rat thus showed attacks regularly over a 
considerable period of time. 


Cure 

After another month of rest a detailed study of this rat 
was begun to see if it could be cured. It was transferred to 
the new apparatus and because the screen above the cards was 
eliminated it was now possible for the rat to jump abortively 
by leaping above the stimulus card. 

The training transferred to the new apparatus and the 
animal made a perfect score on the discrimination problem. 
The one-window situation was then introduced and almost 
immediately abortive jumps to the right or above the card 

appeared, particularly in response to the negative card. 
After the first day the animal was also tested on the old ap- 
paratus and on these trials it abortively jumped to the right 
of the card. (The screen prevented ‘abortive over’ patterns.) 
Thus the abortive manner of jumping transferred to the old 
apparatus. For 4 days the rat was given from 5 to то daily 
trials on each apparatus and clear-cut abortive jumping oc- 
curred on over 85 percent of the presentations of the negative. 
card and on 40 percent of the presentations of the positive 
card. On other occasions it tended to jump lightly at the 
cards. . ; 

Never before had this rat been in the situation this much 
without having an attack and it was believed that the abor- 
tive manner of jumping was responsible for the difference. 

To disturb the abortive pattern of jumping the rat was 
now returned to the discrimination problem on the old ap- 
paratus and on 5 trials it chose the positive card without 
evidencing abortive j jumping. Then two negative cards were 
introduced. On viewing the card the rat became very nerv- 
ous and after 15 seconds’ exposure to air it jumped from the 
jumping box and had a violent attack. 
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During this and the next 14 test periods scattered over 
32 days the rat was exposed to the discrimination problem on 
7 occasions, the one-window situation on 8 Occasions, and 2 
negative cards on 12 occasions on either one or both of the 
apparatuses. "The number of trials on each situation was 
' from 5 to 10 and several situations frequently were presented 
on the same day.” A single test occasion or exposure to a situ- 
ation thus involves at least 5 trials. 
Table 1 shows the number of attacks iñ each situation. 


TABLE 1 


DISTRIBUTION OF ÀTTACKS DURING 5TH THROUGH I9TH Test PERIODS ror RAT 32M 
(Numerator shows number of attacks, denominator shows number of tests.) 


Situation 


The data obtained with the new and ‘old apparatuses are 
Presented in separate columns and the results are expressed 
as the ratio between the number of attacks and the number 
of exposures in each situation. \ 

It will be seen that the one-window situation which had 
Previously been effective in producing attacks now failed en- 
tirely (no attacks on 7 occasions). In this situation abortive 


paratuses it jumped through the Positive card quite consist- 

ently during these trials, thus Showing good discrimination. 

| The presentation of two negative cards, however, resulted 
in 6 attacks on a total of 12 exposures. All of these attacks 


of negative cards. Of importance also is the fact that the 
attacks obtained always occurred on the first presentation of 


M ӨЙ 
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the 2 negative cards. In the case of three of the attacks, 
exposures to the one or both of the other situations preceded 
and in the case of two of the attacks the two-negative-card 
test was given at the outset. This distribution of attacks 
shows that (1) the method of piling up of strains and (2) the 
accidental association of a certain test with days on which : 
the animal was susceptible are not responsible for the attacks, 
but rather the attacks are associated with the situation in 
which abortive jumping had not been developed. 

The two attacks which occurred in the discrimination 
problem were very mild in that the animal showed an initial 
burst of activity and then immediately came to rest with no 
apparent stupor thereafter. These attacks occurred respect- 
ively on the 3rd and 7th trials of the 7th and 8th day of testing 
and just at the time when abortive jumping was becoming 
associated with the discrimination problem. The appearance 
of abortive jumping in this situation indicates a breaking up 
of the well-established discrimination habit. , 

In all of these situations air was applied to force the 
animal to react. The attacks all occurred after 10 to 25 
seconds’ exposure to air. In each'situation in which no at- 
tacks occurred the duration of air exposure was definitely 
greater than 25 seconds (and of the same intensity). This 
was true of at least some of the trials on every test day. 
Therefore it cannot be contended that attacks occur because 
of increased exposure to air on crucial test days. 

'The foregoing evidence indicates that as far as the one- 
window situation is concerned the animal is cured. Al- 
though the one-window test was not given on the old appara- 
tus during the period covered by Table 1, it should be recalled 
that for 3 days preceding this period the rat showed a right 
abortive response in the old apparatus and it was not until 
this was disturbed that attacks occurred. That this cure 
is not due to a loss of the pattern occurring for reasons un- 
known to us (such as a changed physiological condition) is 
shown by the fact that attacks can still be elicited by other 
means. That the abortive behavior is responsible for the 
adjustment is supported by the finding that the cure applies 
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only to the situation in which the abortive behavior appears 
as a regular and highly specific mode of behavior.” 
To further substantiate this contention we should be able 
to eliminate the abortive behavior and so produce attacks in 
· the one-window situation on the new apparatus. 


Reinstatement of Attacks 

We therefore placed a screen above the cards on the new 
apparatus, thus barring the stereotyped abortive response 
over the cards, and presented the rat with the one-window . 
situation. On the first trial with the negative card in place 
the rat showed a violent attack. The attack followed 1 5 
seconds’ exposure to air. On all preceding days in which at- 
tacks failed to occur exposure to air surpassed this amount, 
the average maximum exposure per day being 31 seconds. 
This shows that the one-window situation is still effective if 
the stereotyped abortive behavior is successfully eliminated. 

During the following 12 days, 9 test periods were given. 
On 8 of these test periods the one-window situation was 
presented; on 3 of these periods the screen was present, on 2, 
no screen was present, and on 3, tests were made both’ with 
and without the screen. However, no attack occurred in any 
of these tests, but instead the rat altered its abortive behavior 
by jumping to the right of the card as it had done on the old 
apparatus. When such abortive behavior was blocked, it 
jumped to the ledge and hung there with the front paws. 
Similar behavior was shown when the two negative cards 
were presented on two of the 9 test days. 

On each of the 9 days there were trials in which 35 to 80 
seconds of air (average 54 seconds) were required to produce 
a jumping response. Because all neurotic attacks have oc- 
curred in this rat with less than 30 seconds’ exposure to air it 
cannot be claimed that exposure to air during this period was 
inadequate. . ; 

Because the rat now freely exhibited various kinds of 
abortive behavior it was believed th. 
nate these adjustments. 
and for two days the orig 


at retraining might elimi- 
The screen was therefore removed 
inal discrimination was given. On 
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each trial the rat jumped normally to the positive card when 
it appeared on the right side but jumped over the positive 
card when it appeared on the left side. Resistance to jump- 
ing was marked and air had to be applied from 1 to 2 minutes. 
Thus the rat in addition to its discrimination habit now had a 
position habit in the sense that it jumped differently to the 
right and left sides. 

On the following day the discrimination problem was, 
again presented. On the first trial with the positive card on 
the right and after 30 seconds’ exposure to air it Һай а mild 
attack. The attack thus occurred on the side where no 
abortive behavior appeared. 

The next day abortive behavior disappeared and the rat 
jumped normally in the discrimination problem. Following 
these normal responses to the discrimination problem it was 
presented with two negative cards. After 22 seconds’ ex- 
posure to air another mild attack occurred. 

No attacks occurred on the next day even with the screen 
in place. Rather the rat) jumped to the right of the cards 
when two negative cards were presented as well as when the 
discrimination problem was presented, Thus abortive be- 
havior was again present. 

We now decided to stereotype the abortive behavior to see 
if other forms of abortive behavior would then disappear. 
During the next 5 test periods the rat was given 5 trials in the 
two-negative-card test with no screen above the cards. At 
first the rat jumped abortively by jumping to the right of the 
cards, or over the right card, or both over and to the right, . 
but gradually the jump over the card dominated until on the 
fifth day the rat consistently jumped above the card (often 
by as much as 8 inches). Each day trials occurred in’ which 
the rat was exposed to air for as long as 65 to 130 seconds 
(average 102 seconds) before it jumped. 

With the response of jumping over the card stereotyped, 
the screen above the card was introduced the next day. On 
the first trial, with two negative cards in place, a characteris- 
tic attack occurred after 29 seconds’ exposure to air. 

è 
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The following days the same situation was presented but 
despite resistance to air for 2 minutes or more on several 
trials no attacks occurred. Instead the rat showed a new 
abortive jump which consisted of a little short jump which was 
just sufficient to remove it from the stand:so that it fell direc- 
tly to the net. 

During the last 18 days of testing the screen above the 
cards was always present and much of the time screens were 
placed on the sides of the cards to prevent abortive jumping 
to the right. The one-window situation was presented on 11 
test days, the discrimination situation on 3, and the two- 
negative-card test on 4 days. The rat freely resorted to 

_ various types of abortive jumps and when screens were used 
to block the abortive jumps to the right, it jumped lightly to 
the ledge and hung there. I 

On two occasions attacks occurred which were of such a 
mild nature as to be highly questionable. One of these oc- 
curred on the day following a series of tests on the old ap- 
paratus in which attempts were made to block abortive jump- 
ing by moving the jumping box to the side and so changing 
the relationship of the jumping box to the cards. The rat 
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curred on any of these occasions. These tests further sub- 
stantiate the theory that the attacks in this rat are not 
direct responses to the air stimulation. 


Summary 

During 58 days of testing with Rat 32 it exhibited what 
might be called attacks on 14 occasions. The appearance of 
these attacks becomes clear only when we regard them as the 
product of the necessity of responding in a situation in which 
a mode of responding is unavailable. The record of this rat 


shows that with the appearance of abortive behavior in 


response to the one-window situation attacks no longer occur. 
Before cure can be claimed, however, it must be shown that 
the disappearance of the abnormal pattern is not due to some 
other cause, such as a change in the physiological make-up of 
the animal. To rule out this possibility it was shown that 
(1) the rat could be caused to have attacks in another situa- 
tion (¢.g., the two-negative-card test in the old apparatus) in 
which abortive behavior was not shown and (2) attacks in the 
situation in which abortive behavior appeared could be rein- 
stated when the abortive behavior was eliminated. 

After the rat developed a cure for the one-window situa- 
tion a similar cure for the two-negative-card situation was 
also developed. Finally, it was practically impossible to 
elicit an attack apparently because a variety of forms of 
abortive behavior became available to the rat. 

To rule out the possibility that attacks occurred only at 
certain intervals it was shown that the rat could be tested 
over an 8 day period of time without having an attack. This 
period is much longer than any test period given this rat 
without its showing an attack. 

In the study of this rat the possibility that exposure to air 
might be wholly responsible for the attacks was also tested. 
It was thought, for example, that conflict situations might in- 
crease resistance to jumping and hence increase the exposure 
to air. If this were true the association between conflict and 
attacks might be purely an artifact. By keeping the inten- 
sity of air constant and measuring time it was possible to test 
this possibility. The records show that when attacks occur 
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the exposure to air is actually less. In other words, it takes 
‘more air to cause the rat to jump than to have an attack. 
The ‘negative results obtained when the rat was confined in 
the box and exposed to air but not confronted with stimulus 
cards demonstrate the function of the stimulus cards in pro- 
ducing attacks. 


Rat 34M 
Previous History 
On the old apparatus 42 percent of 12 test days yielded 
attacks. The most effective situation for this rat seemed to 
be the presentation of two identical gray cards, After more 
than a month of no testing this rat was transferred to the new 
apparatus. 


Critical Experiments and Cure 

During the first 8 days attacks were obtained on the first 
and third test days. The first occurred on the first presenta- 
tion of the two identical gtay cards although 5 trials on the 
discrimination problem and 5 trials on the one-window situa- 
tion failed to produce attacks. On these trials the animal 
leaped directly to the net or Showed a right abortive jump in 
which it went completely beyond the test cards. The second 
attack occurred ón the third day when the one-window situa- 
tion was presented. No attacks occurred on the next 5 days 
but ‘escape’ reactions (climbing to the top of the jumping box) 
became more and more regular modes of behaving. It ap- 
peared that the rat no longer reacted to the cards but instead 
the air seemed to produce a fixed escape pattern. 

The windows were then left open (no cards in place) and 
the rat was induced to jump through them, Cards were then 
placed in the windows but they were tilted backward at about 
230° angle. The windows were thus partly open and the rat 


curred on the first 


trial. The following two test days revealed the reappearance 
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of the escape behavior. Failing to obtain an attack on the 
second of these days the open-window procedure was again 
used. A week’s vacation was then given to the rat so that 
the ‘escape’ behavior might become less available. 

An attack occurred the first day after the vacation (14th 
test day), but no further attacks occurred on the next four 
test days despite the fact that barriers were introduced on 
the last few trials of three of these days which were in- 
tended to block escape to the top of the box. Although the 
barriers were used ‘escape’ responses were attempted and 
these were either successful or caused the rat to fall to the net. 
Thus the barriers failed to eliminate the tendency to show the 
‘escape’ response. 

On the last of these four test days and on the following 
day the open-window procedure was again used. At the end 
of the second day (19th test day) cards were inserted and the 
rat jumped through the unlocked cards. The cards were 
then locked. On the first. trial the rat jumped to the right 
card; on the second, to the left card; and on the third, an 
attack occurred, although the time (20 seconds) before having 
the attack was no greater than the time preceding a response 
on the previous trials. Р 

The use of barriers gradually reduced the rat’s attempts 
to climb to the top of the jumping box but instead it jumped 
abortively to the right of the cards. When barriers were 
used to block the right abortive jumps the abortive behavior 
was modified to meet the situation (v.g, jumping between 
barrier and screen, below the barrier, climbing on barrier, etc.). 
For two days barriers were used to interfere with the rat’s 
responses but attacks did not occur. On the first of these 
days the two gray cards were presented side by side and on 
the second one gray card was presented in the one-window 
situation. | 

Failing to obtain an attack the card was removed from the 
window and the rat was again induced to jump through the 
open window (22nd test day). As soon as the rat responded * 
readily the card was replaced but left unlatched. After 55 
seconds’ hesitation the tat jumped to the card. On the next 
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trial it jumped at the card after 30 seconds and had an attack 
after striking the card. i 

On the following three days the rat refused to jump to the 
cards, but abortively jumped to the right of the cards or 
climbed out of the box (escape? pattern). During the next 
three days the rat was trained to form a discrimination be- 
tween two cards with opposite figure-ground relations (the 
training pair). The training procedure was the same as used 
for an inexperienced rat. On the last of these days (28th 
test day) a definite preference was shown for the positive 
card. The two gray cards were then presented and the rat 
had an attack after 25 seconds in the situation. Since the 
discrimination behavior on this and previous days was pre- 
ceded by an average of 40 seconds of hesitation the length of 
exposure to the situation cannot be held responsible for the 
attack. 

During the' next five days the gray cards were presented 
in the one- and in the two-window situations. ‘Escape’ 
behavior was blocked by a screen and abortive jumping to the 
right and sometimes above the cards appeared regularly after 


an average resistance of 59 seconds. One attack occurred 


during this period and it occurred on the fourth trial of the 
fourth (32nd test day) of thesé five days. The resistance 
Preceding the attack was 25 seconds, or less than half the 
average of the other trials. ies 


Since the same situation may sometimes produce attacks 
and at other times fail to do so, One may suppose that the 
attack depends upon the physio nen condition of the animal 
rather than the situation. Thé occurrence of an attack may 


Б ‘physiological condition. Thus 


IO occasions with- 
out interfering with the abortive behavior, During these 


10 days no attacks occurred and escape behavior became the 
dominant response. On each of these days resistance be- 
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havior occurred which exceeded 30 seconds and resistance 
periods of 1 minute were not uncommon. Since the longest 

. period preceding an attack was 25 seconds in this rat, one 
cannot claim that the rat reacted before the critical exposure 
time was reached. 

During the next 6 days the rat was again trained (by 
means of the open-window procedure) to jump to the cards. 
This relatively long period was necessitated by the fact that 
abortive jumping occurred as soon as a card was placed in the 
window. By having the windows half open and by lowering 
the card after a period of resistance the rat began to respond 
to the cards. Exposures to the situation exceeded І minute ` 
on each of these days. 

The next day (soth test day) the card was in the window 
at the outset. After over 70 seconds’ resistance the card was 
lowered and the animal jumped. On the next trial the win- 
dow was again closed and an attack occurred after 20 seconds. 

Tests were continued for 10 more days, the windows being 
open and closed on various trials but no further attacks oc- 
curred, 

In the sense that this rat had no attacks in the:situation 
unless its abortive behavior was affected it may be said that 
the animal was cured. | 4 


Summary 

During the present period of testing Rat 34 had 9 attacks, 
seven of which occurred after the animal appeared to have be- 
come adjusted to the new situation. Its mode of adjustment 
seemed to be refusal to react to the cards and instead it 
climbed out and to the top of the jumping box. Blocking 
this mode of escape resulted in the appearance of an abortive 
jump to the right. -In order to cause the rat to react to the 
cards retraining was instituted. Six of the seven attacks 
followed such periods of retraining and in all cases these at- 
tacks occurred immediately after the critical situation was 
reintroduced. After such attacks the rat returned to abortive 
forms of behavior. 

Since the exposure to air in the situation was less before 
an attack than on control test days one cannot argue that the 
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manipulation of the situation increased the delay in response 
“and thus increased the period of confinement in the jumping 
box. 
The possible influence of a recurring physiological condi- 
tion in the animal on its susceptibility was controlled by 
effecting a period of 10 test days without an attack. 


Rat 20M 
Previous History 
This rat developed its neurotic behavior in the discrimina- 
tion situation. It had developed a right position habit (from 
' which it did not deviate in 200 trials) and all of its attacks 
occurred when the negative card was on the side of the posi- 
tion habit. Maier (1) interpreted the conflict as similar to 
that arising in the one-window situation since this animal's 
position habit forced it to react to but one of the cards. The 
. frequency of attacks for this animal during the last то test 
periods was 40 percent. 


Tests on the New Apparatus 

When tests on the new apparatus were made on this ani- 
mal the position habit seemed no longer to dominate its be- 
havior. Only 1 error was made in 5 trials despite the fact 
‘that 3 of the trials required a response opposite the position 
preference. Since a differential reaction to the positive and 
negative cards was shown this animal was now tested in the 
one-window situation. 

During the first 12 test periods (distributed over a period 
of 17 days) attacks were obtained on 8 days (66.7 percent of 
the time). The negative card was presented first on 8 of 
these test periods and attacks occurred on 7 of these days, all 
of which occurred on the first trial. The positive card Sd 
presented first on the other 4 of the 12 test periods. On 3 of 
these no attack occurred and on the other occasion an attack 
occurred on the 6th trial when the negative card was in place 
and after a rest period had been given following the 5 pre- 
ceding trials. Thus all attacks occurred when the animal 
was required to jump to the negative card. 


y a 
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' Unlike Rats 32 and 34, this rat's attacks have actually 
increased rather than decreased in the new test situation and* 
correlated with this fact is the fact that this animal failed to 


'show abortive behavior. On days in which no attacks were 
'obtained the animal leaped directly at the cards and on 4 days 


in which an attack occurred it followed a normal jump to the 
negative card and the resultant fall to the net. On such oc- 
casions the rat remained quietly in the net, for several seconds 
(the air stimulation having been withdrawn as soon as the 
jump occurred) before it had its attacks. 

The last 3 attacks, however, were not accompanied by a 
leap to the card. In two of them the attack followed a leap 


‚ to the net and on the last it followed an abortive jump to the 


right side of the card. "Thus some sign of abortive behavior 
was becoming apparent. 

After an interval of a week a second period of testing was 
given. On some occasions the discrimination problem was 
presented and on others the one-window situation was. used. 
During this time abortive behavior definitely became evident. 
Three kinds of abortive responses frequently appeared in the 
one-window situation. ‘These were progressively as follows: 
(1) hanging to xe ledge; (2) leaps | to the left side of the card, 
and (3) ‘escape’ responses. 

On the ro occasions in which the one-window situation 
was presented, attacks occurred on only 2 occasions and these 
occurred on the first trial. "This marked reduction in attacks 
is thus associated with the increased tendency to show abortive 
behavior and occurs despite the fact that the continuity of the 
IO tests was twice interrupted by several days of testing on 


the discrimination problem. (Changing the test procedure 


tends to interfere with adjustments and so increases the 
attacks.) 

_ The discrimination problem was presented on 18 occasions, 
6 of which were interchanged with the one-window tests and 
12 of which followed the completion of the one-window tests. 

The discrimination tests immediately revealed a strong 


left position preference. During the first 4 test periods only 


one response was made to the right. That the animal actu- 
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ally differentiated the cards was apparent, however, from the 
‘fact that it resisted jumping whenever the position habit 
forced it to leap to the negative card. Thus a position 
fixation opposite the one formed on the old apparatus had 
become apparent. Due to the influence of tests in the one- 
window situation the position fixation in the discrimination 
problem became replaced by escape behavior. At first the 
escape response was shown only when the negative card was 
on the ‘position-habit’ side but soon the escape behavior was 
shown for both cards. 
During the 18 periods of testing on the discrimination prob- 

‘lem only 4 attacks were obtained and all of them occurred 
when the negative card was on the side of the position pref- 
erence. Two of them occurred during the period interrupted 
by tests on the one-window situation and 2 during the last 
I2 days in which the procedure was not altered. 

. Since attacks occasionally occur in this rat a complete 
cure cannot be claimed. 


Summary 

The record of Rat 20 demonstrates a relationship between 
abortive behavior and attack frequency. Its record also 
furnishes evidence showing that the attack is partly a func- 
tion of the reaction to the cards rather than purely a direct 
response to the air. This is shown by the fact that all of this 
rat’s attacks in the one-window situation occurred in response 
to the negative card and all of its attacks in the discrimina- 
tion situation were in response to the negative card when it 
conflicted with the position habit. + 


á Rats 12M and 25F 
In tests in the one-window situation Rat 12 had attacks 
. оп 7 out of the 12 tests on the old apparatus. On the new 
apparatus, attacks were obtained on the tst trial of the Ist 
and 2nd days, but on the followin 5 days no attacks occurred 
and the animal showed left abortive responses. During the 
next 6 days, tests on the old and new apparatus were alter- 
nated. Three tests on the old apparatus yielded 2 attacks 
and 3 tests on the new apparatus yielded none. 
d 
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The rat was then subjected to cortical operation so that 
further data bearing on the present problem were not ob- 
tained. 

Rat 25 had attacks in 3 out of the 11 last systematic tests 
on the old apparatus. In 10 tests on the new apparatus it 
had attacks on the 1st trial of every test. Because the at-_ 
tacks occurred on the 1st trial abortive behavior could not be 
studied. Since the attacks of Rat 25 increased on the new 


„apparatus it can hardly be clained that the air was less 


effective in the new apparatus. 


Rat 75M 

History 

' Rat 75 had previously learned the discrimination problem 
(black circle on white vs. white circle on black. background) 
and although air was used to hasten its responses no attacks 
were obtained. To determine its susceptibility to purely 
auditory stimuli it was then placed in the net of the jumping 
apparatus and exposed (for 2 minutes) to intense sounds of 
rushing air. No attacks to air were obtained in то such tests. 
The jingling of keys was then substituted for the sound of air 
and one attack was obtained in 10 such exposures. 


The Manipulation of Test Gonditions in the Old Apparatus ` 


After an interval of several weeks retests on the discrim- 
ination problem were given and perfect retention of the habit 
was shown. j 

The one-window situation was then introduced. An 
attack was obtained on the first trial when the rat was re- 
quired to jump-to the negative card. No further attacks 
occurred during the next 6 days of testing in this situation. 
On these trials the rat jumped abortively to the right of the 
card whenever the negative card was presented. 

A screen was then introduced which prevented the abor- 
tive jumping to the right. This screen was used during the | 
next 9 days and 4 attacks were obtained, all of which occurred 
during the first 5 days and when the rat was required to jump 


‚ 490 sec., mild air; 30 sec., moderate air; thereafter, 
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to the negative card. When no attacks occurred the jumps 
were directed at the card. 

Resistance to jumping when the negative card was in 
place was greater on trials not followed by attacks than on 
trials when attacks occurred. The average resistance of 
jumps followed by attacks was 95 seconds and for those fol- 

“lowed by a normal jump, 175 seconds. 

Following the last 4 days of testing with the screen placed 
to the right 5 more days of testing without the screen were 
given. During the first 2 days the rat continued to jump 
directly at the cards, and thereafter abortive jumps to the 
right occurred whenever the negative card was in place. No 
attacks were obtained on these days. 


D 


Summary © i 

The history of Rat 75 showed it to be unaffected by air 
stimulation until it was placed in the one-window situation 
for the first time. It then seemed to develop an adjustment 
through abortive jumping. This interpretation is supported 
by the fact that the interference with the abortive jumping 
(by the addition of a screen) resulted in a reinstatement of the 
attacks, 4 of which occurred during the first 5 days in which 
the screen was used. That attacks did not continue suggests 


« that a further adjustment of some kind was developed. 


Rat 66M 


Three rats (58M, 64M, and 66M) which failed entirely to 
have an attack through the usual procedures in the laboratory 
were subjected to a strenuous period of testing including all 
forms of auditory stimuli, enclosed box with air, one-window 
situation, and two-negative-card procedure but no attacks 
were obtained. All showed considerable facility with abor- 
tive forms of jumping. 

The present experimenter then tested the rats on the new 
apparatus but with the screen above the cards as on the old 
apparatus. On the first day (5th trial) Rat 66 had a violent 

"In the case of this rat the air was applied in steps as follows: 30 sec., no air; 
full air intensity. This rat's resist- 


ance should therefore not be compared with that of other rats Teported in this study. 
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attack. Rat 64 refused to jump (but did so the following 
day) and Rat 58 jumped abortively. 

Rat 66 was tested on 13 occasions during the next month 
and 2 further attacks were obtained but both were definitely 
less intense than the first and convulsions were lacking. 

Of particular interest is the fact that this rat became ex- 
tremely retiring in its cage behavior after the first attack. 
This retiring behavior continued not only during the following 
month when tests were periodically given but lasted until its 
death several months later at the age of 2 years. 

The case of Rat 66 is of interest because its behavior 
remained stable until it was transferred to a different appara- 
tus. Although a discrimination habit may be successfully 
transferred when the apparatus is changed, the manner of 
jumping (in terms of resistance and abortive behavior) is fre- 
quently greatly altered. It often occurs that different 
abortive responses are shown on two apparatuses when these 
are alternated. АП three of the rats mentioned above trans- 
ferred their discrimination habit to the new apparatus, but 
the abortive behavior was modified in each case. It seems 
feasonable to conclude that Rat 66’s attacks occurred because 
the change in apparatuses interfered with its abortive re- 
sponses. 

Rats 61M, 62M, and 63M 

Rats 61, 62, and 63 had attacks when subjected to the 
hiss of air and the jingling of keys as well as when placed in 
the one-window situation. Ten exposures to each of the 
above tests showed the following results. Rat 61: 2 attacks 


`_ to air, 4 to keys, and 9 to the one-window situation. Rat 62: 


2 attacks to air, 2 to keys, and 7 to the one-window situation. 
Rat 63: 3 attacks to air, 9 to keys, and 9 to the one-window 
situation. 

On the new apparatus Rats 61 and 62 were caused to jump 
over the stimulus cards whereas Rat 63 jumped abortively to 
the left. The procedure was to apply air for short intervals 
atatime. With this manner of jumping the rats were caused 
to jump on ten successive days (5 to 10 trials рег day) with- * 


392 NORMAN R. Е. MAIER 


out having attacks. Previously the animals could not be 
caused to leave the starting box without having an attack. 

Attempts were then made to apply air persistently and 
intensively. Under these conditions attacks again occurred 
and in no case can anything like a cure be claimed. The best 
one can say is that the abortive behavior made it possible 
for the animals to escape air stimulation by jumping more 
readily. When, however, escape was delayed, either by the 
experimenter or because of the rat’s hesitancy, attacks fre- 
quently occurred. 

Whether or not more patient handling would have pro- 
duced positive results cannot be said, but certainly animals 
which have attacks to air stimulation alone present a picture 
quite different from those discussed above. 


SUMMARY AND CONCLUSIONS 


The purpose of this experiment was to test the hypothesis 
that abortive behavior may be an alternative to the neurotic 
pattern. Attempts were therefore made to manipulate the 
animal's response tendencies by modifying the jumping ap- 
paratus so that the same problem could be given under condi- 
tions which differed in the degree to which abortive behavior 
was possible. It was found that there was a close relation- 
ship between the appearance of abortive behavior and the 
disappearance of neurotic pattern in seven rats. In twoof 
the cases the experiment was continued to the point where the 
neurotic pattern was eliminated and reinstated several times 
by controlling the abortive response. Where such control 
was demonstrated it was believed the animal could be said 
to be cured by the experimenter. In all seven of these rats 
the reaction to the test cards was shown to play a fundamental 
part in the production of the neurotic pattern. 

In three other cases in which air stimulation alone was 
adequate to produce attacks (although the jumping sitüation 
increased their frequency) attempts to produce a cure failed. 
However, it can be said that the development of abortive 

responses decreased the resistance to jumping and in this 
manner the animals were able to avoid attacks. 
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Because abortive behavior тау е said to resolve the 
conflict created by the excitation produced by air and the 
inhibition produced by the. negative member of the discrim- 
ination cards, the presence of conflict'seems to be a, basic 
factor in the appearance of attacks. If conflict were not 
important it is difficult to see how abortive behavior could Бе: 
an alternative to the neurotic pattern. To show that some 
rats show attacks to air stimulation alone does not rule 
against this interpretation. Rather it may be said that in 
such animals conflict is either not essential or that it is present 
in a less obvious form. Maier and Glaser (2) have presented 
evidence to support the latter alternative. 


(Manuscript received April 27, 1940) 
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AN, EXPERIMENTAL INVESTIGATION OF TWO 
FACTORS WHICH PRODUCE STEREOTYPED 
BEHAVIOR IN PROBLEM SITUATIONS 


„ BY ELSA E. ROBINSON 
New York University 


An observation frequently made by experimenters in the 
field of problem solving concerns the high degree of persistence 
often shown by subjects in pursuing an unsuccessful mode of 
activity. Such a problem-solving ‘blind spot’ entails repe- 
titions of the same inadequate behavior as determined by the 
same erroneous set or hypothesis. One might think that the 
encountering of an obstacle to progress should result in 
the abandonment of the obstructed mode of activity and the 
initiation of another. Nevertheless, although blocked, the 
individual often goes over the same ground time after time in 
the same way, to be brought up short repeatedly at the same 
point by the same impasse. In fact, as Ruger, Bulbrook, 
Maier, and others have reported, subjects whose attempts to 
solve a given problem endured for a considerable period of 
time made all their responses within the frame imposed by a 

. single original misconception of the tas: 

Moreover, persistence in a single fruitless plan of attack 
has been considered а primary obstacle to the solution of 
problems. Thus Maier has devoted an experiment to the 
purpose of discovering whether the erroneous set is a factor 
which actually inhibits the emergence of other sets, or whether 
it is merely “а function which is present during the absence 
of more fruitful processes.” He concludes that the former is 
the case? Several experimenters have noted that stimuli 
which might have provided the cue for the correct mode of 

1H. A. Ruger, The psycholo; i © 
1-88; M. E. Виш үзе ne CS eso icf 


‘Insight,’ Amer. J. Psychol., 1932, 44, 409-453; ЇЧ. В.Е. Maier, An аз 
h е 2 . R. F. t of human 
reasoning, Brit. J. Psychol., 1933, a4, Mere Ro do. i 
2 Op. cit. š 
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attack were either not responded to at all, or responded to in 
terms of the prevailing incorrect set. Thus Ruger writes? 
In some cases the appropriate variation would take place many times but would 
pass unnoticed. The assumptions often had an inertia, an apparently: volitional 
persistency about them. . .. The essential parts of the apparatus “might be 
selected but with the wrong assumption. This assumption, then, either limited 
the motor variations or made the subject insensitive to variations not in line 
with the assumption in question. L 
Bulbrook, discussing the behavior of subjects engaged in 
solving a mechanical puzzle, writes: 
. . the first self-instruction of manual dexterity was never changed—a self- 


instruction inhibiting the apprehension of relevant conditions which would 
necessitate a reformulation of the plan of procedure. 


And Maier? 


We often miss obvious solutions because we try to solve problems in an habitual 

way (which is often the wrong 'direction") and are thus blind to the obvious 

solution. We misinterpret the ideas of others to fit our own ‘direction’ in the 

same way that suggestions in this study were made to fit the ‘direction’ that the 

subject already had. 
And Maier again:* 

. . . ‘directions? were so decided and dominating that they caused helpful 

suggestions to be so applied as to fit in with the organizations of experience 

which they were determining. Consequently many suggestions were useless and 

even misleading. is 

- Tt is obvious that the longer the incorrect set persists the 

longer is the solution delayed. One of the most important 
tasks in the investigation of problem-solving behavior, there- ` 
fore, is the discovery of the factors which determine the 
duration of behavior which fails to lead to a desired goal. 
Such behavior must be conditioned upon experimentally 
ascertainable factors. Two of these factors are studied in 
the experiments reported below. In the first experiment, 
the variable investigated is the degree of the subject’s confidence 
that the activity in which he is engaged will result in the at- 
tainment of the end which he.seeks. In the second experi- 


ment, the variable is the number of alternative activities of equal 


3 Op. cit., p. 17. ы 


“Op. cit., p. 439- 
5 Reasoning in humans. I. On direction, J. comp. Psychol., 1930, 10, 140-141. 
5 Reasoning and learning, Psychol. Rev., 1931, 38, 338. 
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promise which the subject is prepared to engage in should his 
first mode of behavior fail to achieve his goal. 


EXPERIMENT I 


Purpose 


The aim of this study was to discover whether any relation 
obtains between the individual’s perseverance in a given 
activity and the degree to which he feels assured that further 
pursuit of that activity will result in the attainment of his end. 


Subjects, Materials, Procedure 


Subjects —Fifty-two college students participated in the experiment. 

Materials.—The problems presented were anagrams. For the specific factors to 
‘be controlled in this experiment, it was believed that verbal material of the anagram 
variety possessed advantages over other kinds of test situation. In order to test the 
effects of the experimental variable, i.e., the degree of the subject’s confidence in his 
ability to solve concrete problems, it was necessary to present a number of problems 
'of the same ‘genre.’ Furthermore, these problems had to be as nearly as possible 
equal for the subject both in interest and in apparent difficulty. Finally, in order to 
measure the factor of perseverance, it was of course necessary that the problems be 
insoluble, Obviously, too, it was necessary that the subject have no suspicion that 
the problems were *unfdir" in this sense. Most insoluble problems of a mathematical 
‘or parlor-game variety would sooner or later be detected as insoluble, if not by the 
‘majority of subjects, at any rate by the brightest, or by those most familiar with the 
given concrete form of problem. The possible combinations of anagram lay-outs of 


no matter how intelligent the subject or how great his aptitude for anagrams. 
Eight anagram lay-outs were constructed. Each was ten letters in length, with 


lay-out was printed in identical form on ten cards. Eighty cards thus constituted 
the complete set. A five-letter or longer word was the criterion of a solution. Four 
of the lay-outs were easily solvable. "They were used for Purposes of general motivation 
and to confirm the subject’s trust in the veracity of the instructions. These anagrams 


were; 
G) UMSNDBHORT (3) LEPCTIMDRV 
(2) SPILNMGYTA 4 ATLRFVSNKE 


The following lay-outs constituted the test problems. None of the four can be 
solved for a 5-letter word. 
т EXRVLZWUPF 3. CFEHMLGZXO 
2, JFMAZTKBRU 4 NTZVODWAJC 
Procedure-—The following general instructions on the method of playing the 
game of anagramis were read: X 


This is an experment aimed at 


i discovering how People solve anagrams. You 
know what an anagram is, don’t 


you? You are given certain letters in a jumbled 
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order, and your task is to put them into a form which gives you a correctly spelled 
word. Thus, if you were given these letters ГЕ presented a card with the printed 
inscription TF E A N R K IG О], you could form а good many words.' Try 
to find some 5-letter or longer words in the jumble. [If S was not facile at this, 
E pointed out several possibilities. ] 

Certain rules are to be observed in playing the game: 

т. Any English word is acceptable. Foreign words are not. 

2. Proper nouns, such as the names of people and places, are not acceptable. ` 

3. You may not use a letter in a word twice unless it occurs twice in the letter 
jumble. h 

4. Any word is precisely as good as any other word. If you discover a common 
word announce it immediately without stopping to discover a more unusual word. 
What I want is your first response. I am not at all interested in the rareness or 
the ‘literary value’ of the word. 

5. Any inflected form of a word is all right. ‘Frozen’ is as acceptable as ‘freeze’; 
‘women’ is just as good as ‘woman.’ 

6. You will not be marked for the length of time you take to arrive at a solution. 
It follows that you are not to work with the idea that the faster you solye an 
anagram, the higher your record. When you are given a letter jumble, you are 
immediately to set about trying to form a word. Make every effort to work 
conscientiously and without interruption, But I have no interest in the speed of 
your performance. 


These preliminary directions were followed by the instructions for the experiment 


proper. 


I am going to hold 10 cards in my hand, face down, On each card there is a 
set of letters, and each card contains a different set of letters. You are to select 
one card, place it before you, and try to get a word which is at least 5 letters long. 
Longer words are all right, but they are no better than 5-letter words. You will 
get one and only one card of the 10 I hold out to you. Sometimes all 10 cards 
can be solved, that is to say, they will each contain at least one 5-letter word. 
Then you will know that whatever card you choose, a solution is possible, although 
you may not be able to find it. Sometimes, only 9'cards will contain letters 
which can be put together to form a word. In this case, the tenth card will 
consist of letters which cannot be solved at all, no matter how hard or how long _ 
you try. Since you will choose a card blindly, you will know that with that 
card, you have 9 chances out of 10 that you can get a word, even if you are a 
wizard at anagrams. Sometimes, of the 10 cards, only 5 will contain possible 
solutions; then you will have only 5 chances out of 10 of having a solvable 
problem before you. Sometimes, the cards will be heavily stacked against your 
luck; only 1 of the 10 cards from which you choose will contain an anagram 
which can be solved. And there will be other arrangements of chances. 

Each time I hold out a handful of то cards, I will tell you how many of them 
contain anagrams which can be solved. The remainder cannot be solved by 
anyone; there isn’t any solution at all. So that you can figure out your chances 
of picking a possible winner. е D 
Remember, you are to select a card from the handful I hold out to you, and try 
from the letters on it to form an English word of 5 letters or more. As soon as 
you have found one, announce it. Do not pay attention to or announce words 
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of 4 letters or less. I am not interested in the length of time you take studying 
each card. When and if you are reasonably sure that you cannot solve the card 
before you, turn it to the blank side. 


Four degrees of subjective assurance of the ability to solve were tested. Obviously 
these ‘degrees of self-confidence’ have no absolute meaning for a single subject, much 
less a uniform meaning for different subjects. It was thought, however, that different 
feelings of solution-possibility should be induced when the experimenter declared that 
the chances on a given prBblem were perfect, just short of perfect (9 chances out of 10), 
equalled the chances that the problem was insoluble (5 out of 10), or that the chances 
were greatly against the subject (1 out of 10). While it was surely not assumed that 
such instructions elicited certain fixed *amounts' of a confidence attitude from the 
subject, it did not seem hazardous to predict that the subjects relative degree of 
confidence in his ability to solve a problem would vary roughly with his ‘knowledge’ 
of its solution-possibility. 4 

In presenting a given problem, ће experimenter always held the ten cards com- 
posing that set spread out fan-wise toward the subject. The subject was told how 
many of the ten cards were solvable and how many were not. Actually, since all ten 
cards composing each set contained the same letter lay-out, and since for the four 
test sets no solution was possible, the subject was being deliberately misinformed. 
Then the subject was permitted to draw one card. For the four test anagrams the 
time was recorded from the moment the subject started to study the card till he 
reversed it. The time was kept in minutes and seconds by means of an electric clock 
which was invisible to the subject, No time record was kept for the solvable problems, 
all four of which were solved by all subjects usually after a few seconds of scrutiny. 
"The experimenter sat opposite the subject and pretended to be engaged in the reading 
of a novel. 

The order of presentation of the anagrams was always the same: (1), 1, (2), 2, 3, 
o + we Or in terms of the possibility of solution: 5 (solvable), I (insoluble), S, I, 

‚5,1,5. " 

A group control was devised in order (1) to provide a control of the fatigue and 
practise factors, and (2) to constitute a check against the possibility of any general 
differences in the ‘apparent difficulty’ of the four test problems. The subjects were 
divided into four groups, each consisting of 13. For each of these groups the presenta- 
tion order of the 8 problems was uniform (the order indicated above). The chances 
assigned to the four solvable problems were constant for the 4 groups: 7 out of 10 
chances for Anagram (т), то out of то for (2), 6 for (3), and 9 for (4). But the order 


Hi ga chances for the four test problems differed for the various groups, as 
lows: 


NUMBER or CHANCES our or a TOTAL or TEN 


‘Anagram Group I Group II 


Group III Group IV 
Io 5 


I 1 9 
A 9 10 5 1 
3 5 H 9 10 
* p 9 10 


j T STEREOTYPED BEHAVIOR IN PROBLEM SITUATIONS 399 


"Thus, for example, the 10 cards of Anagram I were presented to Group I as all 
solvable, to Group II as 5 solvable and 5 not, to Group ШЇ as all insoluble except for 
one card, and to Group IV as all solvable except for one. 


Results 
Table I presents the complete records for each of the 
52 subjects. & 
TABLE І 


Inprvipvat Recorns oF 52 SUBJECTS: . 
Time Spent Berore Авлхромімс Eacu оғ Four Proses ҮУнісн Were ALLEGED 
TO DIFFER IN THEIR CHANcES оғ SOLUTION 


Group I 
a ; 
Sub- Number of Chances in 10 
ject 
10 9 5 1 
1 i720" бо |: 6'52” 2.38 4'54" 1,58 2/53" . 1.00 
2 | 15,43, 452 5,587 197 (107 137 | 2^ 1.00 
3 8 14' 2.41 ‚40, 254 5,48" 170 3'25, 1.00 
И Е eet | ыт 
21 ў 22 2.41 5’ 4 ‘i ч 
UE m Qus Ум" аф cast 199 EE ten 
7 2' 50” 2.62 e 157 2.08 |" r » 9 1^ 5, 1.00 
8 dose 5 1'33 1.82 1’ 49' 1.94 5I 1.00 
9 ё, 2 ro'20" 2:00 6 227 1.23 5j 1o" 1.00 
| 10 | 19'40" 5.54 | 15, 4-23 8/56" 2.52 3°33” тоо 
Ir 6! 22" 14.15 2515" 4.63 г 2.22 ‚277 1.00 
| а 12 | 18! 227 4.32 її, 48” 2.78 dies HE 4 15 1.00 
13 6' то 3.08 25 1.54 1' 44 .87 2 1.00 
Group П 
К . Sub- Number of Chances in 10 
ject 
5 10 т 9 * 
: 1 2'19" 463 6' 2" 12.07 30" тоо !15" 8,50 
i ene UR 13 337 2.7 Ф 557 1.00 m 167 2.29 
16 247 05.58 20’ 20" 5.19 3, 557 1.00 107 467 2.75 
17 3’ 15 2.67 17 50” 14.66 1.00 7,12 5.92 
18 1'48"  I44 12/14" 9.79 H 15” 1.00 7 87 5.71 
19 б X.97: 8 7.56 т, 4 100 5,437 5.36 
20 2/58" 1.71 6'17” 3.62 I 1.00 5, 25 3.13 
= 2 7 1.64 1i 2" 6.02 1'so" - 1,00 9/634. 1128,49 
NT P 15” 188 | 9/31” 420 | 2/16” тоо | 6/527 303 
? 23 7' 12" 4 1.20 E CUPS Gy] 6 1.00 8'13' 1.37 
age] 3/357 182 722" 273 r 587 1.00 ү D 2.07 
| 2 Y: 2! » 89 25, 28" 16,08 3 35^ 1.00 $5, $6 
26 to! 27’ 1.56 19’ 4 2.85 42 1.00 | 16' 15 43 
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TABLE I—(Continued) 
Group III 


Number of Chances in 10 


40 5'52" 1.05 540" тоо 1423" 2.54 3'so"  .68 
t| ш ш | фт ш xe $a | р, 15 
42 2 25, 1.53 1,357 1.00 , 49” 3-57 2 27^ 1.55 
43 9 52" 403 272710 тоо 20' 30' .36 4 15 1.73 
44 3 1” 1.77 І 427 1.00 651” 403 2/47' 16 
‚4 | 97507 3.51 BAe ROO | ERAGE oy 4:27 7,43, 2.7 
46 | 13' 27" 5.6, 223" тоо 22 4" 9.26 6' 39 2.79 
47 $, 437 I. е 5 237 1.00 12/ o 2.27 6 „тп 
4 5) 25 1.4 3° со 1.00 iy 2.94 4 1.23 
49 6 M 1.78 3, 527 1.00 X , 233 ‚20 1.12 
So | 742" 273 2,49, 100 | 14 I0" соў 453^ 173 
51 4 T 3.41 1' 16' 1.00 8’ 53 7.01 U їз” 95 


* $2 7 18" 5.28 1'23" тоо 15'37' 9.84 2' 40" 1.93 


"The values to the left of each column represent time, in minutes and seconds. 
"The values to the right of each column Tepresent time-ratios, relative to condition 
“т chance in 10? taken as unity, 


. Two deductions are immediately apparent from a study of 
the time data. 
I. There is very little consistency from subject to subject 
as regards the absolute time spent on a problem having a 
designated number of chances of solution. The time ranges 
for the four conditions are: , 
то chances in то: 1/20” — 25! 28" 
9 chances in to: . 36". — 16! 15" 
5 chances in 10: 25” — то! 27” 
I chance in 10: I5" — 6! 42” 


ы » 


W 
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2. There is a definite and remarkably consistent tendency 
for the time spent before resigning a problem to vary directly 
with the designated chances that the problem is a solvable one. 

'To facilitate such comparisons, all the time "values were 
transmuted into terms of ratio.» This was done in the case 
of each subject by making his time value for the *1 chance in 
то’ anagram equivalent to 1.00, and by expressing the time ' 
values for the three other conditions of solution-likelihood 
(tested by the three other anagrams) as ratios of the time for 
the ‘1 chance in 10’ problem. These ratio values appear on 
the right side of each column in Table I. 

The time-ratio ranges for the three conditions in terms of 
the ‘1 chance in 10’ condition are as follows: 


IO chances in 10: 1.37 — 16.08 
9 chances in 10: 1.03 — 8.50 
5 chances іп I0: .58 — 4.63 


In the attempt to analyze the differences statistically, it 
was found that the distributions of the 52 ra time values for 
each degree of confidence deviated considerably from the 
normal. Similarly, the distributions of the ratio values for 
each degree of confidence showed marked skewing. A 
logarithmic treatment of the ratio data was found to be the 
soundest statistical procedure.” + 


7 I am indebted to Professor Thomas №. Jenkins of New York University for his 
aid in the statistical treatment of these data and also of the data obtained in the 
following experiment. The validity of the logarithmic analysis of the present data is 
indicated by the close approximation of the limits of each distribution, as defined 
by 3с ratio, to the actual range of ratio values for that distribution. The dis- 
crepancy between the upper empirical limits of the two ratio distributions (‘9 chances 
out of то’ and “то chances out of 10°) and the upper statistical limits defined by + 30 
ratio is accounted for by the fact that the curves for these two distributions of ratio- 
values are definitely flat. They approach the abscissae very gradually. The accumu- 
lation of more data would undoubtedly have furnished values above 9.00 in the case 
of the ‘9 chances’ distribution, and above 16.50 in the case of the ‘10 chances’ distri- 
bution. A description of the method used in the present analysis is to be found in 
an article by Professor Jenkins, A short method and tables for the calculation of the 
ayerage and standard deviation of logarithmic distributions, Annals of Mathematical 
Statistics, 1932, 3, 45—55. 

A treatment based on the assumption of a normal distribution of.the raw time- 
values or of the ratio-values yields critical ratios of even greater magnitude than are 
obtained by the logarithmic analysis. 
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As calculated by the Jenkins method, the geometric means 
(g) of the time ratios for the three experimental conditions, with 
the condition ‘1 chance in 10° treated as тоо, are: 


5 chances in Io: 153.46 
9 chances іп To: 281.52 
IO chances in 10: 507.76. 


'The reliability of the differences between the means was 
tested by the formula: 


саш. = 


As Table II shows, all differences between the means for the 
four experimental conditions are completely reliable. * 


TABLE II 
DIFFERENCES BETWEEN THE GEOMETRIC MEANS ror THE Four EXPERIMENTAL 
CONDITIONS, WITH STANDARD DEVIATIONS OF THE DIFFERENCES, 
А AND CurricAL RATIOS 
FE a 
Difference Between М 
Logs of Geo- 


Conditions Compared S.D, i 
‘onditions Compai овас Р.а. Critical Ratio 
rand 5 chances in то - .18600 023 8.09 
5 and 9 chances in то «26351 .037 7.12 
9 and 10 chances in 10 25615 оц 5.82 


These findings are discussed in connection with the 
results of Experiment II. 


EXPERIMENT 11 


Purpose 
The aim of this study was to discover whether any relation 
obtains between the individual’s Perseverance in a given 
activity and the number of other activities of equal promise 
available to him which may achieve the same goal. 


Subjects, M. aterials, Procedure 


Subjects —The subjects were 42 college under-graduates, 


Maierials—Anagrams were again used in this experiment, Forty different 


anagram cards were prepared, each presenting 6 consonants and 2 vowels, Since it 
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was considered desirable that the ‘apparent’ difficulty of the various lay-outs be as 
nearly equal as possible, all the vowel combinations used contained “е? and the pair 
‘u e’ was omitted. The forty cards consisted of ten each with the vowel combinations 

‘ee, ‘ie, and ‘oe.’ All forty cards differed in the consonant components. 

Tn addition to the anagram lay-outs, 12 small cards were prepared, each containing 
a single consonant. 

Procedure.—After preliminary directions on how to play the game of anagrams 
and the rules to be observed (as in the preceding experiment), the following instructions 
were read to the subject: 


You will first be given a small card with a consonant printed on it. The object 
of the game is to make a word at least 6 letters long, beginning with the consonant. 
In addition to this consonant, you will have 8 other letters. So that you will 
have 9 letters in all. Now, I am not going to give you the 8 additional letters. 
You will select them. It will be done in this way. I will spread out on the 
table a number of large cards face-down. On the reverse of each card, there will 
be 8 letters, and each card will contain 6 consonants and 2 vowels. ‘None of the 
cards on the table will contain the same set of 8 letters. All the cards are different, 
You Will be selecting your set of letters blindly, of course, since the cards will 
lie with the letter-side down. Sometimes you will be allowed to pick one card, 
sometimes two, and sometimes as many as seven cards (that is, 7 sets of 8 letters). 
When you have made your selection, spread your cards out on the table, face- 
down, and then turn one of them letter-side up. 


Now, since you have picked 8 of your letters by chance, it may happen that you 
will be able from them to form a 6-letter word beginning with the prescribed 
initial letter easily, or perhaps only with difficulty, or perhaps not at all, that is, 
perhaps no 6-letter word can be made from the letters you have selected. If 
you cannot get a word with the first card, you are to keep the initial letter and 
turn the card you have been working on face-down, Then turn up another card, 
in the hope of having better luck to form a word starting with the same letter. 
And so on. " 


Remember, sometimes you will be allowed 7 chances, sometimes 2 chances, and 
sometimes, only one. ' Your only job is to get a 6-letter or longer word, starting 
with the consonant I give you. If you are allowed 7 chances, it doesn't make 
any difference for your score in the game, if it takes you all 7 trials, or 5, or 4, 
or if you are successful on the very first trial. This is naturally so, because it 
is mostly a matter of luck, whether you draw letters which will go together to 
form a word easily, or only with much thought, or maybe not at all, no matter 
how long or how hard you try. Your performance is not being timed: You will 
probably be able to do several games before the end of the hour. Here is a 
score sheet. The numbers on the left designate the games. Each game is 
represented by a new initial letter, no matter how many chances you are allowed. 
The blanks next to the numbers are where you are to write in the word you get, 
if you get one. As soon as you get one, write it in the correct space and return 
all the cards'of that game to me. This means you have succeeded on that game, 


в] was remarked in preliminary observations that the apparent solubility of 
8-letter anagrams was greater if one of the two vowels was an “е? than if neither was. 
It was further observed that when one vowel was an ‘e’ and the second a ‘u,’ the 
anagram seemed more difficult than if the second vowel were any other one. 
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and therefore that game is over. Then we will start on a new game, that is, 
оп а new initial consonant. Don't forget that you are simply to try to get one 
word for each starting letter, and it doesn't make any difference how many trials 
you use of the total number you are allowed. If you fail to get a word for a given 
initial-letter, leave that space on the score card blank. We will then start on a 
new initial letter, The object is to achieve a high proportion of correct responses, 
rather than a large number of them. Thus, if you get 2 right out of 4 initial 
letters you have tried, you have done better than if you get 3 right out of 7 games. 
We will now see if you understand how the game is played. 


E The experimenter gave the subject the initial-letter card, ‘S.’ The subject was 
asked to select 7 from a large number of trial cards. These cards were singly studied 
until a word which satisfied the requirements was found. Any points of the technique 

+ which remained obscure to the subject were cleared up in this preliminary illustration. 
Then the salient points in the instructions were again emphasized in the following terms: 


You are to remember 3 things: (1) That you may take as long as you like studying 
each card. (2) That you are at complete liberty to use all the trials you are 
allowed. If you are allowed 2 trials, you get no more credit if you succeed on 
the first than if it takes you both trials. And, of course, since this is mostly a 
М matter of luck in drawing letters, you may fail on the second trial also. In which 
case, you will not be allowed further trials with that initial letter. (3) Always 
remember that the object of the game is to try, if possible, to get a word of 6 
letters or more, beginning with the prescribed consonant. When I give you an 
initial letter for the first time, we are starting a game. You lose the game, if . 
you use all your trials for that letter and cannot find a word. You win, if you 
find a word in any one of the trials, regardless of which one. ‘That ends that 
game, and then we start a new onelusing a new and different initial consonant. 


In the test series, the order of presentation of initial consonants in successive 
games was always C, P, T, B, M, D, R, F, H, G, and L. 

The experimenter recorded the length of time which the subject spent on the» 
first card of each game before that card was resigned. Or if the subject was allowed 
only one card, the experimenter noted the time he spent on that one before giving up. 

The 42 subjects were each tested in 6 games, 2 each for the conditions ‘no alter- 
native,’ ёт alternative,’ and ‘6 alternatives?” For each of the following rotational 


orders, 7 subjects were tested (the numbers o, 1, and 6 refer to the number of alter- 
natives available to the subject): 


‘ 
i (1) 961,66, 1,0 (4) 0, 6, 1, 1, 6,0 
(2 т, о, б, буо, т e 1,6,0,0 6,1 Г 
(3) 6,0, 1, 1, 0,6 6, I, 0, 0, 1, 6. 


Results 


` Treatment of the Data.—For each subject, the two time 
values obtained for each of the conditions (o, 1, and 6 alterna- 


tives) were averaged. As in the case of the experiment on 
perseverance as a function of degree of confidence, the time 


*Tt sometimes happened that a solution was achieved with the first card of a 


given game. When this occurred, the following game was a repetition of the condition. 


" * 
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data for each of the 3 conditions in the present experiment 
were found to deviate from a normal distribution. For each 
subject, the raw time-values were transmuted into time-ratio 
values relative to the time-value for the condition, ‘6 alterna- 
tives,’ which was taken as unity. The two distributions of 
ratio-values thus obtained for conditions ‘o alternative’ and 
“т alternative’ were also found to be a-normal. 

For purposes of statistical analysis, a logarithmic treat- 
ment of the data, as in the case of the preceding experiment, 
was found most suitable. This treatment yields an excellent 
correspondence between the empirically determined range of 
ratio values and the limits as defined by +3¢, for the condi- 
tion ‘1 alternative.’ The difference between the upper limits 
of the ‘no alternative’ condition as determined empirically 
(16.50) and statistically (22.38) is amply accounted for by the 
‘flatness of the curve and its extremely gradual approach to 
the baseline. Further data would unquestionably have sup- 
plied ratio-values above 16.50. _ 

Table III presents the results for the 42 subjects. The 
6 groups differed in the order of presentation of the number 
of alternatives. 

1. There is very little consistency among the subjects as 
regards the amount of time spent before abandoning an 
activity which has a stated number of alternatives. The 
times ranges for each of the three conditions are: 


‘No alternative: 1'45” — 17/32" 
т alternative: 1/ 3” — 7/30" 
6 alternatives: — 12" — 5/107" 


2. A study of Table III reveals a marked tendency among 
almost all subjects to spend progressively less time before 
abandoning a first activity, as the number of alternative 
activities increases from o to I, and from 1 to 6. 

The time-ratio ranges, relative to “б alternatives’ taken 
as 1.00, are: 

No alternative: 1.50 — 16.25 
I alternative: .78 — 7.83 


" + 
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м ТАВІЕ Ш 


Ічотутруді, Recorps оғ 42 SUBJECTS: 
Toe ‘Spent BEFORE ÅBANDONING THE First АТТЕМРТ AT THE SOLUTION oF 
ProsLems WHEN DIFFERENT NUMBERS OF ALTERNATIVE 
Arremets WERE AVAILABLE 


Group I 
" Number of Alternatives 
* Subject 
о І 6 
Ўт 4! 28" 4.12 2! 56" 2.71 oct 10 — 
2 3.52" 3.09 2! d 1.65 i E 1.00 
3 9 б” 8.40 4 4f ^ 440 PEU 1.00 
4 Ч) 12.67 7,397 5.42 1! 237 1.00 
à К 225 8.13 3125 3.87 ‚47, 1.00 
12 85 5.28 3) 4, 1.33 2’ 18 1.00 
7 4! 36 341 2’ 5 1.54 1' a1" 1.00 
—M———————————M————BÓd ll 
Group II 
Number of Alternatives 
pubject ————————— э о м ___ 
A *o 6 т 
8 0” 283 1 53" TM / 4o" 
9 4 497 3.61 1' 20" 1.00 $, p AR 
m 3,15, 3.38 57, 1.00 1 57” 2.05 
zs T7 ir 7-49 57 1.00 2, 38” 2:77 
t LA 1.50 2T 1.00 2' 19" 1.06 
$m 9,47, 77 23. ДОО. 2, 9, 1.05 
4 35 70 а 1.00 2! 30” 3.66 
pe ee ai Аа vs O 
` Group Ш * К 
араалап kc Е ОБЕШЕН SW MN 
_ Number of 
AO Mas iu CON okie adie iy acy OR RN 
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TABLE III—(Continued) 


Group IV. 
Number of Alternatives 
Subject 
т 6 o 
22 g 17" 1:44 2! 59” 1,00 XU dd 2.72 
23 3, 27" 1.83 Tuna 1.00 5%35'/. 2.96 
24 7,397 2.06 37 38” 1.00 15 43, 433 
25 I ap 1.29 , ^9, 1.00 2! 20" 2.86 
! 26 5,15, 1.38 3, 47” 1.00 6 1.59: 8 
k 4i ў 150 2.18 r27 1.00 4 55” 3.39 
а p 3 1.79 T 45 1.00 5' 38 3:22 
Group У ы 
M 
Number of Alternatives 
| Subject 
| 6 ° т 
29 58” 1.00 3/ 29" 3.60 2512". 2.28 
зо 3' 5o" 1.00 7! 24" 1.93 | .78 
31 45^ 1.00 £ 587 6.62 2 13” 2.96 
32 ў 38” 1.00 4 15 6.71 Y 5I 2.92 
33 2) 15, 1.00 1o' 18" 4.58 4' 13" 1,87 
34 [5 1.00 6 8 5,66 3, 7, 3.50 
35 1^ 18 1.00 ESTO. 6.54 4! 48 3.69 
EN 1 
Group VI 
‘Number of Alternatives 
Subject 
6 1 o 
36 2! 18" roo ' g 18" 1.87 Y 5.65 
a 37 Iris ue 1.00 4! 39" 1.81 a^ 157. 2.1 
А 38 1 30" vs 3 49" aui 7 42" $13 
39 1' 19" 1.00 gen. 237 * тү 42" 8.89 
40 r 2, 1.00 y 27" 4.22 9 17" 8.99 
"m 45 1.00 2.4 2.73 1 45 2.33 
42 #42" 1.00 1' 10” 1.67 ДҮ 719 
The values to the left of each column represent time, in minutes and seconds. 
"The values to the right of each column represent. time-ratios, relative to condition 
*6 alternatives’ taken as unity. — 
у 3. The geometric means of the time-ratios for the two ' 
experimental conditions, with the condition *6 alternatives’ 
exp , 
treated as 100, are: 
Tu No alternative: 433.00 
| : 
| P 1 alternative: 209.06 
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Table IV gives the differences between the geometric 
means (in logarithmic terms), the standard deviations of the 
differences, and the critical ratios. The differences between 
the means for the three experimental conditions are com- 
pletely reliable. 


TABLE IV 


Dirrerences Between THE GEOMETRIC Means ror THE THREE EXPERIMENTAL 
Conpitions, wirH STANDARD DEVIATIONS OF THE DIFFERENCES, 
AND Critical Ratios 


Difference Between 


f Critical Ratio 
peaton Compared Той оссе 

О and 1 alternative...... :316234 F, 6.59 

1 and 6 alternatives.. .. . 320262 А 10.01 
I a UNMit-- 


Summary Азр Discussion 


While many discussions of human behavior in problem 
settings have given fragmentary hints about illogical and 
obstinate stereotypy of response-modes in the face of con- 
tinued failure, they have shed little light on the factors which 
make for fixity or fluidity of behavior in such situations. The 
experiments here reported represent an attempt to isolate 
two of the factors productive of such behavior. The results 
of the experiments justify the following conclusions: 

1. The amount of time spent in a given activity varies 
directly with the degree of the individual’s assurance that the 


activity will issue in success. When the chances for the solu- 


tion of a problem are considered perfect, the time spent on it 
is strikingly longer than when the chances are all but perfect; 
similarly, when the chances are viewed as even, the point of 
resignation is reached still earlier, but definitely later than 
when the chances are considered very slight. Each difference 
has been found to be large and:consistent. The reliability 
of the differences between all adjacent pairs of conditions is 
larger than the statistical criterion for complete reliability. 
(Experiment I) а 


1 The critical ratios are even greater when either the raw times or the time-ratios 
are treated on the assumption of normal distribution. u 
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2. The amount of time spent in a given activity is an 
inverse function of the number of alternative and equally 
promising activities which the individual knows are open to 
him but holds in abeyance while pursuing the given activity. 
For the three conditions tested, the results are unequivocal. 
When the subject has but one means of tackling the problem, 
his perseverance in it is strikingly greater than it is on the 
first of two attacks; when he has as many as seven, he aban- 
dons the first very easily indeed. Statistical tests show 
these differences to be thoroughly reliable. (Experiment IT) 

These conclusions bear an interesting relation to certain 
observations made by Maier." Не presented two groups of 
subjects with the same problems. He instructed one group 
to beware of remaining fixed in a single mode of problem- 
approach, warned them that for a difficult problem the 
obvious ‘direction’ was not the correct one, and urged them 
to be on the lookout for new ways of attacking the problem. 
The second group was not given this preliminary lecture. 
Since in the case of each problem, the method of solution was 
not an ‘obvious’ one, that is, not one which would be the first 
adopted by the subject, the attainment of the solution re- 
quired that the subject abandon the initial mode of attack. 


+ Maier found that the number of instructed subjects who 


solved the problems surpassed that of the control subjects. 
"This result may be interpreted in the terms of the present 
findings. Since the solution of Maier's problems was not to 
be achieved by the pursuit of the course of activity first as- 
sumed, anything furthering the termination of that course 
facilitated solution. Maiers instructions helped to effect 
the rapid resignation of the course in two ways. In the first 
place, the instructed subjects were presumably less certain 
of the success of the course first pursued, since the lecture all 
but told them to mistrust it. Second, although the subjects 
were not directly provided with alternative courses of activity, 
the instructions surely facilitated their occurrence by suggest- 
ing their existence and by directing the subjects to seek for 


uN. R. Е. Maier, An aspect of human reasoning, Brit. J. Psychol., 1933, 24; 
144-155. \ 
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them. 'The relationship of these influences to the factors 
studied in the present investigation is obvious. 
The results of Experiment I demonstrate that the degree 
. of an individuals persistence in a given activity varies with 
the strength of his conviction that the activity will result in 
satisfaction of his motive. It is suggested that these results 
may be interpreted in terms of the general principle that the 
degree of persistence in an activity depends upon the strength 
of its association with a situation-complex. Such an inter- 
pretation may be justified by the fact that in normal experi- 
ence conviction that an activity will issue in success usually 
derives, not as in the present experiment from instructions to 
-this effect,sbut from successful activity in similar situations 
in the past, that is, from strong-association between activity 
and situation-complex. 4 
In Experiment II, it was found that the subject's knowl- 
edge of the availability of alternative modes of attack upon a 
problem affected the length of time he devoted to the initial 
attack. These alternative modes of attack may be under- 
stood as competing stimulus factors productive of response- 
sequences different from that produced by the initial attack. 
If the subject’s primary responses, t.e., those determined by 
the initial attack, prove unavailing, it may be supposed that 
they will be weakened through failure, and that they will be 
replaced more readily by other responses, t.e., those deter- 
mined by the alternative modes of attack, than they would 
be were no such competing stimulation Operative. Therefore, 
the larger the number of modes of attack which the subject 
recognizes as possible ways of solving a given problem, the 
less the'chance that his behavior will be long dominated by 
any single approach. ` 


' (Manuscript received May 14, 1940) 
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LEVEL OF ASPIRATION AS AFFECTED BY RELA- 
TIVE STANDING IN AN EXPERIMENTAL 
SOCIAL GROUP 


BY ERNEST R. HILGARD, EDWARD M. SAIT, AND G. ANN MAGARET 
Stanford University 


The experiments here reported are concerned with the 
effects of relative success and failure experiences on levels of 
aspiration in an experimental situation in which the learner is 
one of several members of a group, all of whosé scores are 
known. Some individuals’ progressively fall behind the 
others, some progressively advance ahead of the others. The 
question to be answered is how these differences in relative 
standing affect what the individual expects of himself. It 
might be supposed that repeated success would establish 
confidence, hence over-prediction, and that failure would 
produce caution and under-prediction. On the other hand, 
individuals may refuse to estimate their own performances as 
much better or worse than the group, and hence be conserva- 
tive in attributing either success or failure to themselves. 
Only experimental data secured under a variety of conditions 
can aid in the interpretation of the circumstances under which 
one of these results will be found and those circumstances 
under which the other alternative will be found. In the 
present study, there is a tendency to judge one’s performance 
somewhat in terms of the group, thus tempering either too 
much success or too much failure through predicting some- 


what nearer the mean. * 
LI 
MATERIALS, SUBJECTS, AND PROCEDURE ^ 


Results are reported for brief learning series participated in by undergraduate 
college students working in groups of from 3 to 6 members. The. task chosen was 
successive subtraction of 3-place numbers. Each student was provided with a pad 
consistirig of 11 sheets of problems, 24 problems on a sheet. While ostensibly similar, 


1'The study was supported in part by a grant to the senior author from the Social 
Science Research Fund of Stanford University. a 
41 
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the material was of graded difficulty, so that different subjects could be assigned 
material of different degrees of difficulty without their knowledge. Three sets of 
problems were used, to be described as easy, medium, and hard. In each set the 
first three sheets were of equal medium difficulty. The next eight sheets were of 
progressively easier problems in the easy set, of comparable difficulty throughout for 
the medium set, and progressively more difficult in the hard set of problems. Difficulty 

“ was controlled bysthe number of problems containing larger digits in the subtrahend 
than in the minuend, as illustrated below. 


398 627, 
— 275 — 458 
Easy ' Hard 


‘That this device sufficed to produce differences in success, particularly as between the 
easy and hard sets, will be evident from the data to be presented. 

* Tn Series A, different members of the same group received different sets of ma- 
terials, so that relative standing was determined to a considerable extent by the set 
of materials rectived, rather than by initial differences in ability? Individual differ- 
ences in subtraction ability are so wide, however, that rank in the group was not 
determined entirely by the objective difficulty of the material. In order to provide 
a control for further analysis, another series, known as Series B, was undertaken, in 
which all members ofa group had materials of the same objective difficulty. In this 
series relative position was determined by individual differences in ability rather than 
by objective differences in the problems assigned. 

‘Except for the materials assigned, groups were handled alike in both series. 
Each group was assembled in a small room with ordinary side-arm classroom chairs 
arranged facing a table at which the experimenter sat. The subjects were instructed 
to work as rapidly as possible consistent with accuracy. At a ready signal, all began 
at once on the first sheet. After the sheet was completed, the subject 69 his hand. 
so that the experimenter could keep a record of the time for that trial, each licet 
constituting one trial. When all had finished one sheet, the results for the trial were 
recorded as follows. The experimenter asked each subject to write down on the back 
of the sheet an estimate of the time which was taken for the sheet. 'This score is 
known as théfestimate of past performance (EPP)3 Then the actual time ге uired 
was announced by the experimenter. This is known as the performance ез (Р) 
The announcement of the performance score for each member was heard b: the 
other members of the group, scores being read off each time in order from "M best 
to the poorest performance, with a statement of the increase or decrease over the 
previous la "Phén each subject wrote down on the back of the same sheet his 
estimate in seconds of the score he thought he would be able to make on the next 


¿2 Tt is 'üssumed that the subjects were unaware i i ii 
sheets, so that relative success within the group was ito fd p Lo on 
efforts rather than to differences in objective difficulty of materials. There ku D 
evidence to fhyalidate this assumption. Some of the subjects асва difference in 
difficulty їп successive sheets, but they believed that similar ch. Du 
sheets ofthe other subjects. CSAS ae aaa 
3 The estimates of past performance have ne 


ot been used in th i 
data to be presented. The potential significance of this A NEL. Hs Е 


related study by Hilgard and Sait (3). Various possibl Ak ed ir 
and various types of measure are considered by Gar ju E of level of aspiration, 


+ 
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sheet. This is known as the estimate of future performance (EFP).* "The discrepancy 
between the estimate of future performance and the previous performance score is the 
measure of level of aspiration used in this study,» The social context under which 
estimates were made was enhanced (a) by having group members work simultaneously, 
the length of each trial being determined by the slowest member, and (b) by having 
the experimenter read off after each trial the individual performance times. The 
estimates of past and future performance were made privately, во that there was no 
public pressure to alter an estimate im order to secure the approval of the group. 
At the end of the period, the data available consisted of completed problems on 11 
sheets from each subject, each sheet containing an estimate of past performance, the 
actual performance, and an estimate of future performance, While all of the records 
have been corrected for computational errors, error scores are not reported, Since 
errors were not known within the time of experimenting, th зе could have affected 
estimates of performance only in those cases in which accuracy was deliberately 
sacrificed in order to increase speed. Errors averaged less than 20 per set of 264 
problems, somewhat more errors being made on the hard problems than on'the easy 
ones. Except for two striking cases, the error scores gave evidence that the subjects 
were attempting to be accurate while working for speed. These two subjects made 
over тоо errors each, one with hard materials, the other with easy materials. Since 
these error scores fell outside the distribution of error scores from other subjects, 


the results from these subjects have been omitted in the calculations. — . 
* 


SERIES À. RELATIVE POSITION IN A GROUP INFLUENCED BY 
OBJECTIVE DIFFERENCES IN DIFFICULTY OF MATERIAL 


‘Each of the smaller groups comprising Series A contained 
members assigned material of different difficulty. Some sub- 
jects had to be discarded because they failed to complete the 
calculations, others through missing estimates on some of the 
trials. There remain for treatment:a total of 18 groups, of 
which there were 3 subjects in 6 of the groups, 4 subjects in 5 
groups, 5 subjects in 6 groups, and 6 subjects in the remaining 
group. This gives a total of 74 subjects treated. T 

In order to determine the extent to which position in the 
group was determined by the difficulty of matérfals, subjects 
have been classified as falling within the upper or lower two. 
ranks of the group in which they worked, as baséd*on per- 
formance scores during the last four trials, wheh differences 
between materials were greatest. This ranking into upper 
and lower two ranks accounts for four of the subjects in each 
group of four or more. The remaining subjects ‘are classified 
together as of medium rank. In the case of groups of three 
subjects, the highest is placed in the uppermost class, the 
lowest in the bottom class, and the second member in the 
, ds tue. | 
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ШОП TABLE 1 
* Extentito Wuicu Retative Position 1х Group 15 DETERMINED 
sy Dirricutty OF MATERIAL 


Бег of Subjects Falling in each Position 
арра іп реса "Trials | B-r1* 


LJ EE 
Ranks Last 
Ranks rand 2 | Middle Ranks| and Next- Total 
ў to-Last 
Easy material............ 18 4 2 24 
Medium material. oe! 7 5 13 25 
Hard material............ 5 5 15 25 
ы 74 


* These are the'trials in which differences in difficulty are at a maximum. 


middle rank. The results are shown in Table 1. It is evident 
from the table that those with easy material were predomin- 
antly in the upper ranks, those with hard material predomi- 
nantly in the lower ranks. By this classification, medium 
materials resulted in rankings nearer to hard than to easy 
materials. 


ee, : ү 
Quantitative results for the actual and estimated scores 
are presented in Table 2, and the data for the extreme groups 


TABLE 2 


LEVEL or Aspiration as REPRESENTED BY DISCREPANCY BETWEEN Actuat Past 
PERFORMANCE AND Estimate оғ FUTURE PERFORMANCE DURING 
DirFerent STAGES or Practice (Sertzs A) 

+ Past performance, P; estimate of future performance, EFP 
=———— 


te 


] p 


with easy materials 
ey 
bes Мы Д 
with materiale of 
medium @ifficulty 
^ 
"Hesubjects, "y. 
with'hard materials 


Mean Scores in Seconds 


*A plus (+) value means that the score 
to be superior to that of the 
to require less time. 


for the future performance is estimated 
past performance, i.z., the future performance is expected 


` 
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plotted in Fig. 1. In each case the discrepancy between the 
actual performance and the estimate of future performance is 
calculated. This discrepancy score is a measure of the stated 
momentary level of aspiration. Ifthe discrepancy is positive, 
it means that improvement is anticipated; if the, discrepancy 
score is negative, a loss is expected. Scores are reported in 
seconds, so that a better score is numerically smaller, and a 
poorer score numerically larger. 
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* 
nop 
e e" "Hard 
z o. MIT Ere materials 
$ ee 
о 
ш 
? (oor 
z 
ш 
2 
Е 
90r 
» 860r materials. 
|! — Performance (Р) 
eee Estimated future 


performance (EFP) 


1-3 4-7 8-11 
TRIALS 


Fic. 1. Performance and estimated future performance for subjects of equal 
initial ability with material of progressively different objective difficulty. Materials 
of equal difficulty during trials 1-3, progressively harder and easier, respectively, in 
later trials. Mean values from 24 subjects with easy materials, 25 subjects with 
hard materials, data from Table 2. Note the tendency for those with hard material 
to continue to expect to improve, while late in practice those. x" easy material 
expect to do less well (i.e, to require more time). % 


The main trends can best be observed in Fig. 1, in which 
results are plotted for E-subjects (with easy material) and 
for H-subjects (with hard material) ‘There is a consistent 
tendency throughout for those with hard materials to expect 
their scores to improve, so that the estimated performance 
(in terms of time to be required) falls below the past perform- 
ance, On the other hand, those with easy materials, at first 


expecting to improve, end by expecting to lose ground on the 


next trial, so that their estimates of future performanee at 
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the end lie above the actual performance. In other words, so 
far as group averages are concerned, the unsuccessful subjects 
refuse to concede defeat, and the successful ones refuse to 
accept fully their superiority. The extent to which the mean 
results represent the groups as a whole is indicated by the 
critical ratios of Table 2. It is evident that there are wide 
individual differences, but the subjects are too few to make 
further fractionation of results useful. 
Trials 1-3 are in the nature of controls on performance, 
since they provide scores for all subjects with materials of 
comparable difficulty. The plan of the experiment requires 
that the subjects should be of comparable ability initially, so 
'that differences in performance (and hence in ‘aspiration 
_ level) may be created artificially in the experimental situa- 
tion. The three groups are roughly comparable in Trials 1—3, 
so that this demand of the experiment appears to be met. 
Differences introduced by changes in difficulty succeeded in 
producing group differences in expressed levels of aspiration, 
even though the groups were essentially alike at the start. 


Series B. RELATIVE Position IN a Group INDEPENDENT 
or OBJECTIVE DIFFICULTY or MATERIAL 


Since college students come to an arithmetic experiment 
with estimates of their own success in arithmetical operations, 
it is conceivable that persistent individual differences may 
be more important in determining both scores and aspiration 

_ levels than the objective difficulties of the problems presented. 
In Series A it was shown that group differences could be 
| produced thtough relative difficulty of materials. Series B 
was. designed as a control, to see to what extent these differ- 
ences were a function of the social situation. If the social 
situation, described objectively by the relative position in 
the group, is the important determiner, then results cor- 
responding to those of Series A should be found for subjects 
of high; medium, and low ranks relative to their fellows E. 
though the material is of uniform difüculty. Data are treated 
from II groups under these conditions, 1 with 4 members, 5 
i with 5 members, and 5 with 6 members, a total of 59 ЫР бо. 
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In order to secure scores falling within the same range as 
those of Series A, groups were practiced with uniform material 
throughout for any one group, but some with hard, others with 
medium, and still others with easy material. Subjects were 
then classified into three degrees of success in terms of relative 
position in the group within the final four trials, corresponding 
to the classification of the subjects of Series A in Table 1. 
This resulted in 22 of the 59 subjects falling in high ranks, 22 
in the low ranks, and 15 in the middle ranks. Тһе ranking is 
determined in Series B by the individual abilities of the sub- 


2 jects, since material averaged of equal objective difficulty for 
each rank. Results for subjects combined according to the 
ig three relative ranks are presented in Table 3, and the results 


for the extreme groups plotted in Fig. 2. 


TABLE 3 
LEVEL or Asprration aS REPRESENTED BY DISCREPANCY BETWEEN AcTUAL Past 
PERFORMANCE AND ESTIMATE OF FUTURE PERFORMANCE DURING 
Dirrerent STAGES or Practice (Sers B) 
Past performance, P; estimate of future performance, EFP 


| No. Mean Scores in Seconds 
Trials | sob. i 
. jects P EFP | P-EFP | ор Diep 
A-subjects, 1-3 | 22 96:6 | 952 | +144] r1 | +1,3* 
falling in ranks 1 and | 4- 7 84.4 | 86.9 | —2.5 o8 | — 3.2 
| 2 within trials 8-11 8-11 80.2 | 81.4 | — 12 LE | = 4 
| B-subjects, 1-3 15 | 1114 | 1970 | +43 | то | +40 
ә falling in middle ranks| 4- 7 97.9 | 98.6 | — 0.7 то |—07 
| + within trials 8-11 8-11 96.0 | 945 | +14 | o6 | 4-22 
| C-subjects, 1-3 | 22 | 1359 | 1277 | +62] o8 |--78 
falling in last two| 4- 7 117.0 | 115.8 | + 1.3 1.3 + 1.0 
ranks within trials| 8-11 111.7 | 109.0 |, + 2.6 r2, | +23 
8-11 
| Ы * A plus (+) yalue means that the score for the future performance is estimated 
to be superior to that of the past performance, i.e., the future performance is expected 
to require less time. à 
-Like the subjects of Series A, the successful subjects of 


"Series B interpret their successes cautiously, and estimate that 
the next scores will be less successful, while the unsuccessful 
subjects continue to estimate that their scores will improve. 
In this series, the differences in performance are present ini- 


с 
> 


418 E. R. HILGARD, E. M. SAIT, AND G. A. MAGARET 


tially, and nothing fictitious has been introduced. The same 
method of announcing scores was followed, however, so that 
each subject has knowledge of the scores being made by the 
others prior to his own estimates. Since results are in general 
agreement for the two series, it may be conjectured that 
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Fic, 2, Performance and estimated future perfo: : j ifferi 
ability with material of equal objective difficulty, (eie lud EU 
basis of ranking in performance in their experimental groups. Mean values from 22 
subjects in each group, data from Table 3. Note the tendency for those of low rank 
to continue to expect to improve, while late in practice those with high rank expect 
to do less well (i.z., to take longer). | SR MR 


bod gu in the group is important in determining the 
irection of deviation of the estimate fro isti 
tio ma 
Edu i e purely realistic 
The subjects involved are too few and the measures too 
restricted to permit a fruitful analysis of the data for individ- 
Pos It is evident from the small critical ratios in 
able 3 that not all of the successful and unsuccessful subjects 
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showed the mean trends of the group to which they belonged. 
It was not the purpose of the present experiments to study 
level of aspiration as a personality characteristic, however, 
and no further information was gathered with respect to the 
individuality of the subjects. 

Departures from realistic predictions of future scores are 
influenced by many factors. Success and failure experiences 
depend in part upon the *ego-involvement' in the task, and no 
ratings of this were made in the experiments. Estimates of 
future performance may be based upon the expected trend 
of scores and upon the previous best score, as well as upon the 
immediately preceding score from which: the discrepancy is 
calculated. In the case of those with material getting pro- 
gressively harder, estimates based доп best scores would 
produce the effect found, namely, a prediction of scores better 
than those being made. On the other hand, prediction in 
terms of best score cannot explain why those with easy ma- 
terial predict poorer scores for themselves. In view of the 
many factors which might distort an individual’s reactions in 
this situation, it is rather remarkable that trends are as consis- 


tent as they аге. 


Aw ATTEMPTED INTERPRETATION OF THE TENDENCY FOR 
ESTIMATES oF FUTURE PERFORMANCE TO REGRESS 
TOWARD THE MEAN ‘OF THE SOCIAL GROUP И 


In the two series of experiments reported, subjects ranking 
superior in relation to their social group tended to estimate 
their future performances too low, while those subjects making 


‘inferior scores tended to estimate their future performances too 


high. Although critical ratios were so low that caution is 
needed in interpretation, the trends within the groups were 


‘clear.’ A similar observation has been reported by Anderson 


and Brandt (1) in level of aspiration experiments with school 
children, but in a situation requiring public announcement of 
anticipated scores. f = 

When the estimates of future performance are made 
publicly, the desire for social conformity might well produce 
some regression of predicted scores toward the mean, One 


LI 
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with a good score does not wish to brag, and so asserts that it 
was a matter of good luck and next time the score will be 
lower. Similarly, one with a low score does not wish to admit * 
that he is a deviate, attributes the low score to bad luck, and 
expresses an optimistic estimate. It must be pointed out 
that the discrepancies are in fact of small size, so that the 
successful subject still claims a superior performance, and the 
unsuccessful subject still predicts a poor performance. But 
the direction of departure of estimates from actual scores is 
consistent enough to be psychologically interesting. 

When the estimates are not made publicly, the question 
arises whether the same tendency may not beat work. That 
is, a subject may still think of the social approval of the group 
when writing his score privately, just as a person may feel 
some embarrassment at voting for himself on a secret ballot. 

` Опе does not depart completely from the cultural environ- 

ment when he is alone. In these experiments, the record was 
to become the property of the experimenter, so that some 
indirect social pressure might have been present; more, that 
is, than if the material were strictly anonymous. Further 
experimentation is necessary to determine the differences to 
be expected in stated estimates of future performance with 
different degrees of publicity accompanying the estimates. 


SUMMARY 


I. Experiments were conducted with college students 
working in small groups consisting of з to 6 members. The 
task assigned was successive subtraction. After each trial 
the experimenter announced the time required, and the sub- 

. ject made a private estimate of the time which would be re- 
quired on the next trial. The measure of level of aspiration 
used was the discrepancy between the performance just com- 
pleted and the estimated future performance. — 

2. In Series A, materials were of equal medium difficulty 
in the first 3 trials, but there followed 8 trials in which for a 
third of the subjects the materials became easier; for a third, 
more difficult; while for the last third they remained the same. 
Subjects were unaware of the differential difficulty introduced. 
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Results with 74 subjects showed a tendency for those with 
easy materials to estimate their performances poorer than 

-+ they actually were, and for those with hard materials to 
estimate their performances better than they actually were. 
A tendency is thus shown for estimates to regress slightly 
toward the mean performance of the social group. 

3. In Series B, materials were all of equal difficulty for the 
members of a group, so that relative position was determined 
by arithmetical ability rather than by introduced differences 
in material. In experiments with 59:subjects, trends similar 

to those of Series A were shown. 

4. Since estimates were made privately, group pressure 
can be used to explain the tendency to estimate towards the 
mean of the group only if the desire for social conformity is 


somehow internalized. 
(Manuscript received May 20, 1940) 
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AN EXPERIMENTAL INVESTIGATION OF 
CHANGES IN THE MEANING OF 
LEVEL OF ASPIRATION 


BY ROSALIND GOULD AND HELEN BLOCK LEWIS 
Brooklyn College 


In the main, studies on aspiration level have been con- 
cerned with the nature of individual differences in internal 
- standards of achievement as they revealed themselves in the 
stated estimates of future performance. In such experiments, 
the subject is unaware of his relative standing in performance 
although he is well aware that others are participating in the 
study and that some ‘average’ is being established. Most 
subjects voice their concern with this unknown ‘average,’ 
but the operation of such an external standard is necessarily 
“а diffuse one; acting as an added anxiety spur to greater 
effort, rather than as a specific influence on the magnitude of 
the aspiration estimates themselves. Apart from the prob- 
lem of individual differences in internal standards, it would be 
important to determine the extent ‘and kind of influence ex- 
erted by specific external standards on aspirations. The 
effect of any given external standard. would, of course, be a 
function not only of the nature of the standard but of a deeper- 
lying self-evaluation which leads the individual to caution or 
self-confidence in many fields of work. 
Some of the recent experiments on aspiration level have 
introduced specific external standards. Gardner (3) devised 
` а technique whereby the same performance scores in percentile 
figures are announced to all the subjects, thus imposing on all 
the same objective external standard. Such а procedure does 
not, of course, assure all subjects’ imputing the same meaning 
to these standards of proficiency, just as two subjects obtain- 
ing the same: performance, score in the more unstructured 
aspiration-level situation, do not necessarily regard their 
achievements in the same way. Gardner was not interested, 


however, in the problem of the effect of external standards on 
422 Е 


CHANGES IN MEANING OF LEVEL OF ASPIRATION 423 


aspiration estimates, but rather with the creation of an identi- 
al objective situation for all subjects. Anderson and,Brandt 
(z) introduced an external standard by informing each student 
of his relative achievement-status in comparison with his 
classmates. This knowledge produced differences in the size 
of the difference-score directly in accordance with the per- 
formance status. 

In these studies, the problem of individual differences in 
response to such standards has been largely neglected. Hertz- 
man and Festinger (8) and Gould (4) have set up experimental 
situations where the external standard introduced has been 
especially adapted to the nature of the individual’s aspiration- 
level as revealed in an initial or preliminary session of the usual 
aspiration level experiment. A direct attack on the study of 
the influence of different external standards upon aspiration 
estimates was recently made by Chapman and Volkmann (2). 
They, too, were not concerned with individual differences, 
but with differences between groups exposed to different 
standards of achievement. Their technique involved a com- 
parison of the influence of external standards of reference 
without knowledge of performance, with the influence of 
external standards accompanied by knowledge of perform- 
ance. Their results indicated an ‘anchoring’ effect of self- 
knowledge such that the external standard was relatively 
impotent in the face of it. Unfortunately, this study was 
solely a quantitative one leaving to speculation the bases of 
the obtained differences. The exact way in which the exter- 
nal standard operated, or failed to operate was not clear. 
Does knowledge of another group’s performance actually 
change the subject’s own goal? Does the presented standard 
of reference merely increase or decrease the anxiety of the 


- subject without changing the nature of the goals set up under 


the different conditions? Or perhaps the external standard 
simply alters the meaning of the expressed aspiration, rather 
than its size, changing it from an estimate to a distant hope or 
from a nebulous possibility to a necessary achievement. In 
order to answer these questions, the present experiment was 


performed. 


ES 
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PROCEDURE 


Our procedure attempted a combination of group experimentation with individual 
analysis. Three different groups of Brooklyn College students in Introductory 
Psychology were studied under three different conditions. (Our assumption was, of 
course, that the groups were comparable.) All of our subjects were given from 6 to 
8 trials of ‘General Information’ tests which had previously been equated for difficulty. 
This procedure differs from Chapman and Volkmann’s who used but four trials, only 
two of which were subject to the influence of an external standard. Each test con- 
tained 20 items and the subjects were allowed 3 minutes in which to complete their 
answers. Previous work with the test had shown that 3 minutes was ample time for 
filling in what answers the subject knew. 

After the initial trial, each subject in the group received a prepared sheet con- 
taining his name, his actual score on the last performance trial, an indication of the 
relative standing of that score, and the question to be filled in before the test began, 
“What score do you intend to make next time?” Group A containing 66 individuals 
served as Control. The relative standing of each of these subjects was presented in 
terms of a 5 point scale: very much above averaj , above average, average, below, 
or very much below the average of his own group of classmates. Group B, containing 
63 individuals, served as the first. experimental group. The relative standing of each 
subject here was phrased as above average, average, or below the average of ‘a group 
of college professors’ whose average performance score was announced as 12. Group 
C, containing 51 subjects, served as the second experimental group. Each subject, 
here, had his relative standing revealed as in Group B, but this time phrased as above 
average or below the average of ‘a group of unselected WPA workers,’ whose average 
Score was also announced as 12. This average of 12 was approximately 2 points 
above that of the actual average of the subjects themselves, There were approxi- 
mately an equal number of men and women in Groups A, B, and C. Shortly after 
the close of the experiment, about 70 selected at random from our 180 subjects were 
interviewed on the following questions: 1. What did you think was the purpose of 
this experiment? 2. How did you arrive at your estimate? 3. What was the basis 
of your estimate? 4. How did yourfeel when your estimate and performance did 
not agree? 5. Did you have a feeling of failure? Why? Did you have a feeling of 
success? Why? 6. How do you react to failure in general, e.g., final exams, etc.? 
7. What do you think of WPA workers as a group? 8. What did you think of the 
average of 12 made by WPA workers (college professors)? Did this average influence 
youréstimate? 9. Had you known that the score of 12 was obtained by WPA workers 
(college professors) do you think your estimate would have been. changed? 


ResuLTs anD Discusston 
I. Trial-by-trial Analysis 
A trial-by-trial. account of the average performances, 
` average estimates and average discrepancy score? obtained 


1 Henceforward the control condition will be referred to by the symbol, ‘Control,’ 
the rst experimental condition by the symbol ‘Profs’ and the 2nd experimental con- 
dition by the symbol ‘WPA’? 


* Discrepancy score indicates the difference between performance score and 
aspiration. N 


y E 
1 x CHANGES IN MEANING OF LEVEL OF ASPIRATION # 425 


by men and women separately and together under the three 
experimental conditions is presented in Table т. The odd- 
even reliability coefficients for aspiration and performance 
both are high, .79 and .81, respectively.® Table I shows that, 


TABLE I 


Trrat-py-TriaL ANALYSIS OF PERFORMANCES, ÁsPIRATION, AND D-ScoRE UNDER 3 
Conprtions For MEN AND WOMEN SEPARATELY AND FOR Boru COMBINED 


Performance 
10.45 | 10.90] 9:88 | 9.58 | 9.86 | 26-31 
746 | 9:26 | 8.13 | 6.34) 7.14 | 26-35 
9.03 | 10.03 | 9.03 | 7:79 | 8.50 | 52-66 


10.93 | 12.55 | 11.17 | 11.50 | 10.78 | 27-31 
9.21 | 990| 848| 8.3r| 8.24 | 26-32 
10.02 | 11.22 | 9.78 | 9.80] 9.46 | 53-63 


11.71 | 11.89 | 10.17 | 9.52 | 10.00 | 24-29 
10.33 | 10.70 | 8.83] 8.07] __ | 27-30 
11.04 | 11.32 | 9.84 | 10.52 51-59 


12.39 | 12.97 | 12.11 | 12.96 
8.80 | 10.33 | 9.69| 8.65} — 
10,48 | 11.67 | 10.77 | 10.73 


-13.00 | 13.87 | 13.50 | 13.32 
11.19 | 11.90 | 11.62 | 11.62 | — 
12.10 | 12.85 | 12.50 | 12.46 


14.79 | 14.00 | 14.62 | 14.18 
11.85 | 12.96 | 12.11] _ | — 
13.37 | 13-48 | 13.39 


1.94 | 2.07 | 2.23 | 3.38 
1.14] 1.07] 1-56] 2.31) — 
1.45 | 1.64] 1.74] 2.94 


| 2.07 | 1.22 | 2.39] 1.82 
1.98 | 2.00] 3-14] 331| — 
2.08 | 1.63 |. 2.72 | 2.66 


3:08 | 2.11 | 445 4.63 
1.52 | 2.26) 3.78) — 
2.33 | 216| 3:55] — 


3'These are uncorrected coefficients. The size of the correlations is limited by 


the small spread of the distributions. 
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within each condition, average performance varies as much 
as from 3 to 4.5 points, while the variation of average aspira- 
tion is only 0.79 in WPA group, 1.33 in Profs group, and 1.07 
in the Control group. The maximum difference in perform- 
ance between control and experimental groups is always 
smaller than the maximum difference between two trials in 
any one condition. In other words, the variations of per- 
‚ formance within the 8 trials are larger than the differences in 
ability between our three groups. This is in striking con- 
trast to the differences among the three groups in aspirations 
in comparable trials. Here, differences are found which are 
3 times the size of the variation within each condition. The 
trend in the size of the estimates is, with the exception of but 
two trials, clearly in the direction of highest estimates for 
WPA and lowest for Control, although the size of these differ- 
ences is not always large. The aspiration estimates, ex- 
` tremely stable from trial-to-trial but varying in magnitude 
with our 3 conditions, thus clearly reveal the influence of the 
externally imposed standards. The discrepancy-scores show 
this influences less clearly, since the variations in performance 
from trial to trial acted to obscure the fairly consistent level 
of estimates. As might be expected, for each group, the 
largest D-scores * are obtained in the first trial. Опе also 
notes that, with the exception of the WPA group, there is a 


tendency for the D-scores to be smaller in the later trials, 
than in the earlier trials. 


2. Sex Differences 

An interesting sex difference in D-scores is also apparent 
from Table I. Under WPA and Control conditions, the D- 
score for women is consistently lower than for men, whereas 
in the Profs group, the women show higher D-scores in 5 of 
the 7 trials. It is difficult to attribute these differences 
conclusively to a sex difference, since there are differences 
between the average performance of men and women under 
the three conditions. On the other hand, the women are con- 
sistently inferior to men in performance, so that the patterns 


‘In the future, the symbol ‘D-score’ will designate the average discrepancy score. 
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of D-scores and performance differences are not consistently 
related to each other. 

Table II shows the mean performance, aspiration and 
D-score under three conditions for all 6 trials, for men, 


TABLE II н 


Mean Scores AND o’s FoR Men, Women AND TorAL Grours IN PERFORMANCE, 
ASPIRATION AND D-ScorE UNDER 3 Conpitions: Controt, ‘Pror’ ‘WPA’ 


Condition Mean Score , с Dist. 


Performance 


Control Men 2.79 
Control Women 1.90 
Total 2.67 
‘Prof’ Man 2.70 
‘Prof? Women 2.57 
Total 2.89 
*WPA' Men 2.43 
*WPA' Women 2.62 
Total 2.61 
Aspiration 
"Control Меп... й RE Ayi ý 
Control Wo: Hs 1.83 
Total. . 2.47 
“Рго Men. 2.09 
‘Prof? Wom 177 
Total. . 2.13 
‘WPA? Men. 1.76 
‘WPA’ Women 3.02 
Total. a Foi, 2.68 
Difference Score 
Control Men. .... EMT, 2.25 
Control Women. б 1.18 
"Total...... © 24 т.87 
‘Prof’ Men 140 
‘Prof’ Women 2.04. 


women and for both sexes combined. Table III shows the 
differences between the means and the reliabilities of these 
differences. Under all three conditions, the performance 
scores of men are higher than for women, as are the aspira- 
tions. Two of the three performance differences in mean 
score between men and women are statistically reliable; all 
of the 3 differences in mean aspiration scores are reliable. 
Differences between D-scores of men and women are not 
statistically reliable. Under Control and WPA conditions, 
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TABLE III 


Dirrerences BETWEEN MEAN PERFORMANCE, Aspiration AND D-SCORE, UNDER 3 
Conprtions: Controt, Prors, WPA, ror Tota. Group, 
Men, Women AND Men-Women 


Total Group Performance 


Aspiration 
Control-Prof 


Aspiration 
Control-Prof...... 


Women Performance 
Control-Prof. 4... . 


Aspiration 
Control-Prof. 
Control-WPA 
WPA-Prof. 


соге 
Control-Prof. 
Control-WPA 
WPA-Prof. 


Performance 


Men-Women 


m. c 
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women have a lower D-score, under the Profs condition, 
women have a higher D-score. 

An interesting sex difference in the relative ‘strength’ of 
our two external standards appears also in these tables. It 
will be noted that the D-score for women in the Profs group 
is reliably higher than the D-score of women in the Control 
group. In the men's group, on the other hand, the largest 
D-score is to be found under the WPA condition. This D- 
score is higher than that of the men in the Control group 
(not reliably) and higher than the D-score of men on the Profs 
group (reliably). Apparently, the WPA standard’ exerts 
more of an influence on the men’s aspiration level, while the 
Profs standard is more potent for the women. These differ- 
ences gain increased importance when they are contrasted 
with differences in performance between men and women. 
Women are poorer in performance than men under the Profs 
standard, but their performance is also poorer than the men’s 
in the WPA condition. Here again we see that differences 
in D-score cannot be related to consistent differences in per- 
formance between men and women. 

The interview offers some suggestions to account for these 
sex differences in response to WPA and Profs standards. 


* Many women, certainly more women than men, are prepar- 


ing for and vitally concerned with future positions associated 
with the teaching profession. They did not anticipate WPA 
as a vocational eventuality as much as did the men, Many 
men réacted to the WPA in a more personal light spontane- 
ously mentioning friends who were employed on WPA, 
sarcastically commenting on the ‘luck’ in being able to get 
such employment, and apparently greatly concerned with 
their own ability to escape such ‘luck.’ Though not many of 
them considered WPA workers as inferior, it was, in the light 
of their anxieties concerning future jobs, more pertinent to 
them to demonstrate ability above that displayed by the 
‘average of an unselected WPA group. In a more general 
vein, one can point out that girls tend more to identify them- 
selves with their teachers, are more academically docile than 


boys. Thus, in terms of the way they viewed their future 
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vocational possibilities, a greater competitiveness was aroused 
by the WPA for men and by the Profs for women. 


Summary 
1. Except in the Profs group, women show lower D-scores. 
The significance of these differences is obscured somewhat by 
differences in performance between men and women. 
2. None of the differences in D-scores between men and 
women are statistically reliable. 
` 3. In the Profs group, the D-score for women is reliably 
higher than the D-score for women under Control conditions. 
4. For the men, the D-score in the WPA group is higher 
than in Control, and reliably higher than Profs. 
. 5. An explanation for these differences is offered from the 
interview material. 


з. Differences among the Three Conditions: Men and Women 
‚ Combined + 

It will be seen from Tables II and III that there are no 
statistically reliable différences in performance among the 
groups operating under the three conditions. It is interesting, 
however, that the two groups operating under an external 
standard showed better performance scores than the control 
group, and that the best total average performance of the ' 
three groups was that obtained under WPA conditions. The 
aspiration scores obtained under Profs and WPA conditions 
are reliably differentiated from that of the Control scores, 
but not from each other. The WPA mean aspiration is 
higher than that of the Profs (D/eD = 2.09), so that a hier- 
archy of mean aspirations is formed, the lowest being that of 
the Control, the highest, WPA. This hierarchy follows the 
performance hierarchy exactly, but in all cases the aspiration 
differences are considerably larger than the performance 
differences. # ^ 

From these figures alone, it is impossible to determine 
whether the increase in mean aspiration estimate is a simple 


‘function of higher performance level, or whether both hier- 


archies are functions of the same basic condition of increased 


incentive. On the surface, the latter possibility seems the 


ai 
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less probable, since our general information test is not respon- 
sive to the effects of practice or increased effort. From our 
interviews with our subjects, however, we have some sugges- 
tion that our 8 information tests formed a fairly important 
part of our subjects’ lives during the 4 week period of adminis- 
tration, and that this personal involvement was particularly 
keen for those groups who were ‘competing’ with the Profs 
and WPA workers. If this was the case, then it is possible 
that the *bubbling-over' with information which we observed 
during our experiment operated in our two experimental , 
conditions to make both aspiration and performance higher 
than under control conditions. 

The total mean D-scores follow the same trend, 2.00, 2.49 
and 4.13, but the only reliable difference is between Control 
and WPA groups. Apparently the disparity between per- 
formance and aspiration increases from the Control to WPA 
conditions and is greater with both external standards than 
for the Control groups. à 


Summary À 
1. No statistically reliable differences in performance were 


found for the total groups among our three conditions, though 
the differences in performance between Control and WPA 
groups approaches reliability. | 
2. Aspiration scores, following the same order of magni- 
tude, show larger differences (reliable) among the three groups. 
3. The D-score is lowest for Control and highest for WPA. 


4. Performance, Aspiration, and D-score by Performance 
Groups 

Table IV shows the mean performance, aspiration and D- 
score under the three conditions when our subjects are divided 
into four performance categories: I, those making scores from 
5-8; П, 8-10; III, 10-12; and IV, 12 and above. Under all 
conditions, differences in mean performance of the 4 perform- 
ante categories are statistically: reliable. In general, mean 
D-scores are lower in the better or higher performance cate- 
gories, although not all differences in aspiration between per- 
formance groups are reliable. 'The difference in aspiration 


E 
432 ROSALIND GOULD AND HELEN BLOCK LEWIS 


between categories I and IV is reliable for all three conditions.* 
For the Control group, the difference in aspiration between 
the II (8-10) and III (10-12) categories is reliable; for the 
Profs the difference in aspiration between III (10-12) and IV 
(12 and above) is reliable. This is also true for the WPA 
group. 

It seems to us most significant that statistically reliable 
differences in aspiration occur at just these points in our re- 
sults. It will be remembered that the average score in the 

. Control group with reference to which each subject got his 
relative standing, was about 9; in'the Profs and WPA groups 
it was 12. It appears, then, that for the subjects whose 
scores were above the average in all three groups, the average 
score functioned differently from the way it did in the subjects 
whose performance was below the average. 

_ It is our hypothesis that the average score for those who 
are below it, functions as a particular concrete standard to be 
reached, while for those who are above it, the standard still 
continues to exist, but does not exercise a specific pull on the 
subject'sestimates. Estimates can be made from the vantage 
point of greater self-confidence and on a somewhat freer 

/ basis. Our interview material reveals pretty clearly the 
differences in the meaning of the standard for the subjects 
whose performance was above and below it. It is fairly 
characteristic of our subjects that those below the average 
tend to mention it as a factor governing the formations of 
their own estimates, while those above the average rely more 
on their own previous performance and self-evaluation. 

For example, we quote the response of two of our women 
subjects in performance category IV to the question: “Ноу 
did you arrive at your estimate?” 


J. K, female; WPA, av. P * = 14.00: “Based on the time before I wanted 
one point more than I had gotten.” н 


*It might be said, in explanation, that since there was a maximum score of 20; 
those subjects in the highest performance category were mechanically limited in" the 
range of their estimates. It must be noted, however, that the highest ayerage per- 
formance was 14, leaving a possible average range of 6 points for aspirations. The 
D-scores in our lowest performance category never exceeded 6 points. 6 

5 P refers to performance-score. A 
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S. Z. R., female, WPA, av. P = 14.50: “I put down 18 or 20 because, I 
guess I was under the influence of my other intelligence tests. I have an IQ of 
180, you know (sic!) I thought I could do it. . . . Somehow, I didn't think 
the papers were marked accurately. I felt I should have gotten 19 or 20.” 


The comments of another-woman subject whose average 
performance was 13.14 in the Profs group is also revealing: 


The first time, I did use the 12 as a standard. 1 got 11 and wanted to get 
at least 12. But afterwards, I discarded it, because I got way above 12 and I 
used my own Performance after that. s3 


These are in contrast to the protocols of subjects below 
average, whose estimates were based on the average. Thus, 
a woman subject in the Profs group whose average P is 4, 
says: * saa 

E. R., female, Profs, av. P = 4.00: “I tried to reach the average. I was 
below it. I put down 12 as average. I hoped and tried to hit it. I really 
didn't expect to get 12,4 I sort of felt I wouldn't, but Г@ try. I felt I wanted 
to get average.” (These comments are particularly interesting in view of the 
subject’s ideas concerning the purpose of the experiment: “You were supposed 
to hit approximately your goal.”) - 


Here is the answer of a subject in the WPA group (av. 


Р. = 7.43). m e 

J. O'M., male, WPA, av. P = 7.43: “I didn't know what kind of WPA 
workers they were—of normal intelligence or ditch-diggers. . . . So 1 thought 
I ought to do as well or better, and after I didn't do 13 I thought, well, I won't 
pull it down—maybe I'll hit it one of these days.” (Note that 13 is 1 point 
above ‘average.’) Ў 

О. S., male, WPA, av. Р = 9.43: “Based it on previous performance, more 
or less? My average P was about to. Av. estimate—about 15." Q. “Why 
15?” “I wanted to get a 15. ‚1 didn’t feel very well getting a то, ‘The same 
psychology as everyone else. I felt I was better than WPA... .” 


In some cases, although the subject spoke of basing his 
estimates'on his previous performance, his answer was more 


revealing than he knew. 


M. O., Male, WPA, av. P = 7, answers the simple question: “What was 
your general performance” by saying: “I don’t think I ever reached 12.” At 
the end of the interview, in answer to the question: “Were you influenced in any 
way by the figure 12?” “I judged myself according to the 12. If I had reached 


1]t is characteristic of subjects to mention previous P in first answer to the 
question: “On what did you base your estimate? D But the below average go on! to 
speak of the external standard (for example; this subject); others above the average, 
continue to discuss their own previous performance history. - s 


434 ROSALIND GOULD AND HELEN BLOCK LEWIS 


12, I might have considered myself successful.” Q. “What was your general 
estimate?” “About 16.” Q. “How come?” “I refused to accept the fact 
that I couldn’t answer the questions as I thought I should. You didn’t allow 
very much time.” Q. “Why 16?" “16 is better than average.” 


One male subject, whose performance was around 12, but 
who was sure that WPA workers ‘could never make a score 
of 12’ puts the point most sharply when he says: 

R. T. E., male, WPA, av. P z 12; “Most of my thoughts were directed 
toward myself not doing as well as they did, rather than that they were doing 
better than they (the WPA workers) should have.” 

Changes in the role of the external standard are also 
indicated by the typical comments of a subject who, in the 
first few trials, made.a lower score than the average, but later 
“hit’ the average and did even better. 

T. S., male, WPA, av. Р = 12.33; “At first I was told the WPA score was 12. 
Naturally, I wanted to rise above that. And so, in the beginning, my estimates 
were around 16. Then, once I got 16, and from then on my estimates were 17, 
because I wanted to improve on my own performance. My purpose in the 
experiment was nothing other than improving on the WPA or improving on my 
own previous score,” i 
a, The largest mean D-scores in all 3 groups are found in the 

lowest performance categories. This can be seen from Tables 
IV and V, and it is also apparent from these tables that the 
differences in’ D-score between the lowest and highest per- 
formance groups either approach being or are statistically 
significant. Our results here offer independent confirmation 
of Anderson and Brandt’s finding (z) that children in the 
B і 
lowest performance quartile had the highest goals, although 
the reverse relationship, in which the highest performance 
groups give lower aspirations than their preceding perform- 
ance score, we do not confirm. The difference between our 
results may depend on the small number of cases in Anderson 
and Brandt’s study. ; 
i Our Protocols, again, show differences in the meaning of 
: 3 estimate for low and high performance groups. The 
ae two cases illustrate the fact that those in the lowest 
r ormance categories are pulled upwards in their estimates 
y pea the presented standard and of their low perform- 
ance. e meaning of the estimate for these subjects seems 
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TABLE V ^ + 


Means, DIFFERENCES AND RELIABILITIES OF PERFORMANCE, ASPIRATION AND 
D-scorEs, ARRANGED ACCORDING TO PERFORMANCE CATEGORIES 


Performance D-Score 


Control 
І. 5-8 (27).... 


IL 8-ro(18).... 
ПІ. 10-12(14).... 
IV. 12- (7)..... 


Prof 
І. 5-8 (18).... 
Il, .8-10(15)..... 
IH. ro-12(17). 
l IV. r2- (1)... 


WPA 
І. 5-8 (11)... 


1. 8-10(13). 
III, 10-12(10).... 


IV. 12- (11).... 


TABLE V 


Suowiwc Mean D-Scores rom 4 PERFORMANCE GROUPS UNDER ALL CONDITIONS 
COMBINED, TOGETHER WITH c's, DIFFERENCES AND DjsD’s 


Group N Mean D-Score с Difference Dio D 

xd I| (56) 5-8 349^ 2.67 
1,66 3.39 

II | (46) 8-10 1.83 2.30 
0.07 о.18 

Ш | (47) 10-12 1.90 1.28 
ў 0.39 T.05 

ІУ | (31) 12 1.51 1.77 « 

Diff, I-IV 1.98 4-13 


to be colored by hope rather than by a more sober estimate 
of possibilities. Thus, a woman subject in the Profs group, 
whose performance is low, both objectively and by her own 
subjective standards (she is ordinarily an * A? student), says: 
К S. W., female, Profs, av. P = 9.67: “I based my estimate on what ] thought 
Am I really could do.” 
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Or another woman subject in the Profs group whose score is 
5.67, says: s 
A. A., female, Profs, av. P = 5.67: “I wasn’t at al! positive I’d get it—but 
I tried to. I was sort of boosting myself—boosting my ego.” 
E. R.’s protocol, quoted above, expresses a similar point. 
Our interviews also reveal a difference in the meaning of 
performance and external standard between members of the 
WPA and Profs group. For the WPA group, it is necessary 
to do better than 12; for the Profs group it is enough to reach 
12. It follows from this difference that it is easier for a sub- 
ject to justify a score below 12 in the Profs group (“Oh, well, 
Professors only got 12”), while in the WPA group, a score 
below 12 cannot so easily be justified. 
These qualitative results give meaning to Table VI which 
shows differences among our three ‘conditions in mean D- 


. TABLE VI 
Suowinc DIFFERENCE BETWEEN Mean D-SconEs UNDER 3 Conprtions sy P Grours 
a 
рер 


3.75 
11.29 


1.95 
2.00 


457 
6.77 
5.05 


score, by performance categories. The fact that performance 
category I (5-8) in the control condition felt itself closer to 


the obtained average of that group than did the I categories 
in the other two groups is shown by the fact that the mean 
D-score of category I is lowest in the control group (Table IV). 
The difference in D-score between control and experimental 


— 
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groups in the I category are all reliable. There is no such 
difference between the I categories of the WPA and Profs. 
In a similar way, one can understand that reliable differences 
exist between the II (8-10) categories comparing Control- 
Profs and Control-WPA, and the lack of such differences 
between WPA and Profs. 

Since the IV category (12 and above) was psychologically 
more distant from the ‘average’ in the Control group than in 
the other two, one would also expect reliable differences in 
mean D-scores between Control-Profs and Control-WPA. 
The D-scores of the subjects who scored 12 and above in the — 
WPA group are higher than those of the comparable perform- 
ance category in the Control conditions and the Profs condi- 
tion. The actual performance scores, one can see, take on 
psychological meaning;in accordance with their distance from 
the approved or desirable standard. To put it another way, 
the high-scoring subjects in the WPA and Profs groups were 
evaluating their performance against a higher standard, 
That one finds reliable differences in D-scores only between 
Control and WPA groups in the IV category can perhaps be 
understood from the fact that the performance above 12 was 
the least satisfactory for the group competing with ‘WPA 
workers) It was most necessary for subjects in this group 
to do better than 12. 

This study has thus revealed some of the ways in which an 
external standard may operate to influence the nature of the 
subject’s expressed goals. If we use as a criterion of change 
the difference in size of the mean discrepancy score between 
control and experimental groups, we see that knowledge of 
another group's performance does, change the subject's own 
goal. The average discrepancy score of the control group 
was lower than that of the experimental groups. The 
change is a function, also, of the subject’s actual distance in 

erformance from the ‘average.’ fis for this reason that we - 
obtained differences in mean discrepancy scores as à function 
of the size of the performance score. Our interviews indicate 
further that the relatively high discrepancy score which the 
lowest performance groups were forced to maintain led these 
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subjects to imbue their estimates with a factor of hope in 
addition to expectation. Finally, the social meaning at- 
tached to the ‘average’ increases or decreases the subject’s 
psychological distance from it. Concretely, a score of 7, for 
example, was nearer the ‘Professors’ average of 12 than an 
objectively identical performance made by a member of the 
*WPA' group. 


Summary 

I. The differences in performance among our 4 categories 
are reliable, under all three conditions. 

2. Differences between the aspiration scores of the ex- 
treme performance categories are reliable under all three 
conditions. 

‘3. The ‘crucial’ points in performance in each of the three 
groups, 1.е., the performance scores “hovering around the 

_ standard, are the only points within the 4 performance cate- 
gories which yield reliable differences in aspiration. 

4. The D-scores of the performance groups operating 
under different standards are reliably different. 


(Manuscript received April 25, 1940) 
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SHIFTS IN EXPLICIT GOALS.IN A LEVEL OF 
ASPIRATION EXPERIMENT 


BY MAX HERTZMAN 
College of the City of New York 
AND 


LEON FESTINGER 
` University of Iowa 


A, PROBLEM AND LITERATURE 


The introduction of the difference score in level of aspira- 
tion experiments by Frank (2), while it filled a need by 
quantifying the results of aspiration experiments, brought a 
number of difficult problems with it! According to Frank, 
the difference score is determined by factors which are perma- 
nent in the individual’s total econom and consequently it 
should be manifested in a similar fashion regardless of the 
tasks employed to measure it. On the other hand, one may 
look at the difference score as dependent on a variety of 
factors not all of which are operating at the same time or in 
all tasks. This may make for a variability in the difference 
scores of the same subjects obtained on a number of tasks 
performed under different conditions. 

Using 3 different tasks, and employing small groups of 
subjects, Frank (2) obtained medium sized correlations 
among the difference scores derived from these tasks. Frank’s 
results and the subsequent findings of Gould (4) and Gardner 
(3), the former obtaining low correlations and the latter cor- 
roborating Frank’s work have focused some attention upon 
the problem of the generality of the difference score. 

Through a detailed analysis of interview material, Gould 
demonstrated that the same objective difference score could 


y been obtained by subtracting the individual’s 
the level of his future performance, If his 
will be positive and if 


1 The difference score has generall; 
actual performance from his estimate of 
estimates are higher than his performance, the difference score 


lower a negative difference score will be obtained. 
439 
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serve various purposes for different individuals. While such 
a state of affairs would not necessarily affect the consistency 
of the subjects’ difference scores in a variety of tasks, it was 
shown that the subjects! aspiration estimates were to a great 
extent ‘situational. The same underlying factors could be 
operating in each of the test situations for some subjects, but 
specific features of the situation could shape the aspiration 
estimate and consequently diversify the difference scores. 

If such variability is usual, there are two important in- 
ferences which may be drawn. One would be that changes in 
difference scores could be effected by the appropriate manip- 
ulation of the experimental situation. In one of their ex- 
. periments, significant changes in aspiration level were ob- 
` tained by Chapman and Volkmann (x) by altering features of 
the experimental conditions. Unfortunately these changes 
were not studied in terms of the underlying attitudes of the 
subjects involved so their significance for the individuals of 
the study was not fully explained. A second, and perhaps 
more significant consequence; might be that changes in aspira- 
tion level and in difference scores brought about by specially 
designed experimental conditions could clarify the mecha- 
nisms at work in determining the individual’s strivings. At 
any rate, experiments that would be successful in changing 
the aspiration level in relation to the performance level could 
contribute information concerning the operation of field 
factors in determining difference scores. - л 
{ Тһе present experiment was designed to introduce changes 
In an experimental situation after aspiration levels and differ- 
ence scores have been detetmined on subjects who had no 
information other than their own performance and difference 
scores, The changes introduced were given to the subject 
in the: form of the performance and estimates of comparable 
groups of subjects. In order to create as similar a psycho- 
logical situation as possible for each of the subjects, the re- 
ported data were fictitious and arranged so as to put each 
subject in the same relationship with Tespect to the group. 
Thus the average performance of the group was always made 
equal to the average performance of the individual to whom 
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it was reported while the estimate of the group was fixed in 
the direction opposite to that of the individual. It was felt 
that of the various relationships that were possible between 
an individual and his group with respect to performance and 
aspiration this was one.that was calculated to have a strong 
influence on the behavior of the subjects. It was hoped that 
knowledge concerning the character of the factors contribut- 
ing to the difference score as well as information about the 
more permanent mechanisms and tendencies effective in an 
aspiration situation could be uncovered. 


В. PRocEDURE 


т. Subjects.—The subjects were all male undergraduates of the College of the 
City of New York. Most of them were in their sophomore or junior year, The 
total number of subjects used was 20. k 

2. Tasks—Two tasks which satisfied our requirements were chosen. Tasks 
where a minimum of learning occurred were needed, that is, where performance 
remained essentially on the same level throughout, The two tasks selected were: ў 

(a) Synonym test—15 lists of 24 words each were used. One of the lists was, 
utilized for practise in the first session and each of the other lists was treated as a 
separate trial. The subject was asked to write after as many of the words from the 
list as he could words meaning the same as the printed word on the sheet. For 5 of 
the trials the subject was instructed to write synonyms beginning with the letter A. 
For another 5 trials the synonyms had to begin with the letter B, and for the other 
5 trials, C was the letter to start with. The A, B, and C lists were presented alter- 
nately. The subject was allowed one and one-half minutes to complete the list, the 
trial being scored immediately. The subject was then told his score and’ was asked, 
* What do you intend to do next time?” 

(B) Information test—17 lists of 22 questions each were used. One of the lists 
was used for practise as in the case of the synonym series, and each of the others was 
treated as a separate trial. The subject was told to answer as many of the questions 
as he could in two minutes. The test contained questions of the following type: 

Where is Cathay? 

"The Goddess born from the head of Jupiter was . . .? 

What year was Huey Long assassinated? 

- Who killed Macbeth? 

What is a “Horse Opera"? 
"The test was scored immediately, the subject was acquainted with the score and was 
then asked, “What do you intend to do next time?” Average difference scores were 
obtained from these data by subtracting the average performance of each subject 
from his average estimate. " Ex х : 

3. Conduct of the Experiment.—The experiment was divided into two sessions. 
In the first session the practise list and the first 7 synonym lists were given to the 
subject, to be followed by practise in the information test and the first 8 information 
lists. The second session took place between 8 and 10 days after the first one. In 
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the second situation, the subjects were retested with the last 7 synonym tests and 
last 8 information lists. The experimental factor was introduced in the second session 
in the following manner. In addition to telling the subject his score after each trial, 
he was also told what the average performance and the average estimate was for a 
fictitious group of 50 subjects before making his own estimate for the subsequent trial. 
"Тһе information he received concerning the group scores was adapted to each individual 
in the following manner. The figures given to each subject as those of the group 
were based on his own performance and his average difference score in the first session. 
The performance of the group as reported to the subject was identical, on the average, 
with the subject’s performance on that task in Situation T. Thus, for example, if the 
subject scored an average of 12 in the information tests in Situation I, the mean of 
the scores reported for the group on the information tests in Situation II would also 
be 12. The scores for each separate trial were varied by the experimenter around a 
mean of 12 so as to make the situation realistic since no actual subject received the 
same performance scores on each trial of a given task. The estimates reported for 
“the group were dependent on the average difference score for the individual in Situation 
I. The group estimates were the estimates of the individual in Situation I plus or 
minus 4 points depending on whether the average difference score of the individual 
was negative or positive. Thus, for example, if a subject had an average difference 
score in Situation 1 of plus 1.8, the estimate reported to this individual as the average 
estimate for the group would be 4 points below his own estimate in Situation I, and 
consequently equal to minus 2.2. And of course, if in Situation I the subject had an 
average difference score.of minus 1.8 then the group estimate presented to him would 
be plus 2.2. “Four points was thosen as the extent of the shift for several reasons. 
"The shift had to be a medium sized one. # If the shift were too small it might be over- 
looked by the subject, or even if it were not overlooked it might not have any effect 
upon him. On the other hand, the shift could not be too large or the subject might 
be skeptical as to the validity of the scores presented to him as those of the group. Even 
` if he did not suspect them the large difference might remove all sense of reality from 
the situation and it again would not have any effect on the subject. This latter point 
is brought out very strongly by Hoppe (6). He found that fictitious results had 
meaning for the subjects and induced feelings of success and failure only when they 
hovered about the subject’s aspiration level. When, however, the falsified results 
given to the subject differed too much, either above or below, from the aspiration 
nd er results were regarded as fictitious, or else they lost all meaning for the 
subject. 
To summarize, Situation II was controlled so that the perfo 
would be about equal to the performance of the individual Cri emi Ens zu 
group would be about 4 points in the opposite direction to the trend evidenced by the 
subject in Situation I? * 
4. Scores Obtained —For each subject the average performance, average aspiration, 
and average difference score was obtained for the synonym and information tasks in 


2 То all cases except one, the group estimates ied і irecti 
in both the information tst and m te synonym tests That is, ifthe sift in the 
group estimate was downwards for the group information tests, it would also be 
shifted, downwards for the synonym series. In one case, i ES this is not so. 
"This subject had a negative score for the synonym lists and a ронбуе one for the 
information and so the group estimates were shifted accordingly. 
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score in Situation I and the average difference score for the same subject in Situation IT 
was calculated for each task. This measure was called the change score and was 
given a plus sign if the change was in the direction of the estimate of the fictitious 
group, and was given a minus sign if it was contrary to the direction of that group’s 
estimate. ‘Thus, if the reported estimates for the group were 4 units below the sub- 
ject’s estimation in Situation I, it was expected that his shift would be in a downward 
direction and such a shift.was regarded as positive. lf the reported estimates for the 
group were shifted upwards from the subject’s estimates in Situation I, then it was 
expected that the subject would shift his estimates upwards and such a change was 
also regarded as a positive one. 

5. Interview—At the end of the second session an interview lasting about an 
hour was given to each subject. This interview attempted to cover most of the 
relevant points influencing the subject’s estimates and the changes in his estimates 
when they occurred. The following points were covered: 

(a) The original aim of the estimate and how it was changed in Situation II. 

(b) The reaction of the subject to the performance of the group. 

(с) The reaction of the subject to the estimates of the group. 

(d) The reaction of the subject to the difference between the group scores and 
the group estimates. 

(е) The reaction of the subject to feelings of failure and success and causes of 
feelings of failure and success in both situations. 


C. RESULTS . 
1. Statistical Evaluation of the Results 
The means and standard deviations of performance scores, 
difference scores, and change scores are to be found in Table 1. 
In this table, item 9 is the same as item I since the scores re- 
TABLE 1 


Means AND STANDARD Deviations ОЕ PERFORMANCE, DIFFERENCE Scores, 
AND CHANGE SCORES , 


S.D. 

1. Perf. Inf. in Sit. I 3.80 

2. Perf. Syn. in Sit. I 2.78 

4. Perf. Inf. in Sit. IT. 3.94 
4. Perf. Syn. in Sit. I 3.65 

5. Diff. Score Inf. in Sit. I. 1.30 

6. Diff. Score Syn. in Sit. I. * 1.10 

7. Diff. Score Inf. in Sit. IT. . 1.32 

8. Diff. Score Syn. in Sit. II. aus 1.26 

9. Group Perf. in In... 10. 3.80 

то. Group Perf. in Syn... 2.78 
11. Group Diff. Score in Inf. ‚озо: 
12, Group Diff. Score in буп.. a.u = 68 3.07 
File 273 1.19 


тз. Change Scores in In... . 6 
. 119 146 


ae 
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ported for the group were the individual’s performance in 
Situation I. The slight difference between these two scores 
is due to an adjustment that was nescessary in one case with 
a particularly low performance score. Item 10 is the same as 
item 2. We can see from items 5 and 6 that the original 
tendency of the subjects was to keep their estimates above 
their performance. We can also see from items 7 and 8 that a 
marked change occurred in Situation II and that the esti- 
mates, while still tending to be above the performance, ap- 
proximated the performance more closely than they had done 
in Situation I. Since the tendency on the part of most 
individuals was to overestimate, the difference score for the 
group, is of course negative, as the estimates of the group 
were varied: in the direction opposite to the estimates of the 
subjects. The average of the change scores for both the in- 
formation series and the synonym series was positive, indicat- 
ing that the general trend was to change the aspiration esti- 
mate in the direction of the group's estimate.* 


TABLE 2 
EVALUATION or THE DIFFERENCES BETWEEN some MEANS IN TABLE 1 


Meam 
Perf. I; Perf. Il; буп......... 8. 
Perf. I; Perf. II; }.......... ds i ; 1 
G.D.S.; 1 I.D.S.; Syn.. > 32 48 F i 
.D.S.: LD.S.; Ink... . deut 776 Ў 
G.D.S.; LD.S.; Both. ||) E.. ОКЫ 1 4 : 
урсо Uy ARES LL PP I AUTEUR ы = ИИН 


1 G.D.S. means group difference score; L.D.S. means individual difference score. 


In Table 2, the differences between the means of selected 
performance scores and difference scores are evaluated. In 
Table 5, the significance of the change scores is determined.! 


E When questioned as to whether they were consciously influenced by the group 
data, seven of the subjects said that they were while the remaining thirteen disclaimed 
а conscious awareness of any influence. When the results of the two groups of subjects 
were treated separately the same pattern such as is shown in the data of the total 
group was found in each of the two sub-groups thus formed. While the influence of 
the experimental factor was more pronounced in the "conscious" group the difference 


between the averages of the two groups was not statistically reliable. 


* Because the number of cases was less than thirty, VN — ү instead of VN was 
used in calculating the standard errors (s). 


M 
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TABLE 3 
EVALUATION OF THE SIGNIFICANCE OF THE CHANGE SCORES 


Ratio 
S.E-Mean (маз eee) 
S.E.Mean 
Change Score for Syn. 


Change Score for In! 
Change Score for B: 


There were slight improvements in performance in the second 
situation as compared to the first but these differences were 
not reliable. For the synonyms, the ratio of the difference 
over the standard error of the difference is 1.19, while for the 
information series the ratio was only .65. Neither of these 
differences therefore can be regarded as statistically signifi- 
cant. 'The next three items in Table 2 represent the differ- 
ence between the experimentally introduced group difference 
score and the individual difference scores. Similarly, none 
of the three ratios obtained here are found to be statistically 
significant. , 

We find significant ratios ranging from 3.84 to 5.76 in 
determining the significance of the change scores. The 
difference in performance between the two situations (which 
is not a reliable one) is a minor factor in accounting for the 
change in difference scores. The marked significance of these 
changes must be due largely to the experimental factor, which 
for these subjects consisted of being confronted with group 
estimates at variance with their own, and performances equal 
to their own. A further statistical corroboration of the con- 
clusion that the individuals tended to make their estimates 
conform to the group estimates can be seen in the fact that 
the differences between the difference scores reported for the 
group and the individual difference scores in Situation II are 
not significant. In other words, the difference scores of the 
individuals tended to approach the difference scores reported 
for the group. The subjects on.the whole, have changed 
their manner of estimating so as to tend to conform to the 
group, even though the group was opposed to their original 


tendencies. 


жез 


446 MAX HERTZMAN AND LEON FESTINGER 


While correlations based on as small a sample of subjects 
as 20, are not likely to be stable, the intercorrelations of the 
performance scores and the average difference scores presented 
in Table 4 are suggestive? Most interesting is the fact that 


TABLE 4 
INTERCORRELATIONS OF PERFORMANCE SCORES! AND or DIFFERENCE Scores 
Inf. I Inf. II Syn.I Syn. 1 
93 «56 36 
+4 45 17 
1 ) = 09 65 
—:02 38 —.02 


1 Correlations above the diagonal are between performance scores; those below 
the diagonal are between difference scores, 


while the performance correlation between the two synonym 
tests is fairly high being equal to .65, the correlation between 
the average difference scores of these two tests is —.02, While 
the change of conditions has not affected the relative position 
in performance markedly it seems to have affected the way 
in which the subjects make their aspiration judgments. That 
the experimental conditions have brought about changes seems 
also to be reflected by the fact that correlations between the 
difference scores obtained from the synonym and information 
tests are higher when the tests occur in the same session than 
when they occur in different sessions. The latter result, 
however, may have been at least partially influenced by 
factors specific to the sessions in which the tests occur. The 
effect of the experimental factors is not uniform. A correla- 


tion of only .34 was obtained between the difference score ` 


reported for the group and the difference score for the subjects 
in Situation II for the information tests. A still lower cor- 
relation of .22 for these two variables in the synonym tests 
Shows that there is no one to one correspondence between the 
pun of the group estimate and the effect it hàd on the individ- 
ual. ? 


5 The lowest correlation that is four times its own robable i 
and the lowest correlation three times its own probable Gtr is an (For ru 5 
value the chances would be 98 in 100 that the correlation was significantly greater 
than zero.) " d dp 


^ 


E 
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2. Attitudes of the Subjects as Shown by the Interview Material 


(a) Conscious Adaptation to the Group Estimate.—Seven 
of the subjects admitted to adapting themselves consciously 
to the direction of the group estimates. Two of these sub- 
jects said that the estimates of the group became the norms 
for their estimates. Two other subjects said that they toned 
down their estimates because the group estimates were low. 
Another subject stated that the high estimates of the group 
created an atmosphere in which he could overestimate with 
equanimity. We see that all of these methods of adapting to 
the group estimates were in the direction of estimating in the 
same manner as the group did. Whether it was from the 
point of view of conforming to the group or competing with 
the group, the result was to shift the estimate of the subject 
in the same direction as the group estimates. There were 
two subjects who stated that the low group estimates in- 
fluenced them to estimate higher. Neither of these two sub- 
jects was very clear as to the reason for this, however. These 
two are the only subjects who reacted in a way opposite to the 
group estimates, while admitting the influence of the group 
estimates. 

(b) Apparent Rejection of the Group Estimates.—Many 
more of the subjects insisted that the estimates of the group 
did not have any influence on them of which they were aware. 
The methods of denying any influence of the group estimates 
upon them were so uniform that 11 of the 13 subjects who ap- 
parently rejected the group estimates insisted that they either 
thought the group estimates -unrealistic or they completely 
ignored them. Of these 11 subjects, 5 later in the interview 
admitted that perhaps the group estimates created an atmos- 
phere which influenced their own estimates but which did not 
influence them in a manner so direct as to make them con- 
sciously aware of the influence. The other 2 subjects under 
this heading denied that the group estimates influenced their 
own estimates in any way at all. 

(c) Nature of the Adaptation to Group Performance.—In 
15 of the 20 subjects, the estimates in the second situation 
were a direct function of the relation between the subjects’ 
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scores and the scores of the group. The way the estimates 
were used in this relation was precisely the same for all 15 
subjects. These subjects thought that they should be able 
to score above the group performance or else at about the 
average of the group performance. As a result of this, when 
the subjects scored below the group, their estimates were high, 
namely, above or at the group performance level. When the 
subjects scored above the group performance level, the striv- 
ing was removed from their estimates and their estimates 
dropped below their performance. In the latter case, the 
estimates were usually kept between their own performance 
and the performance of the group, so as to reinforce feelings 
of success and to beat the group in as many ways as possible. 
By keeping their estimates between their own performance 
and the performance of the group they took only a small risk 
of not surpassing their estimates. 

For these subjects (constituting 75 percent of the total 
number) the addition of the group’s performance score has 
resulted in the introduction of a new factor in the total field 
situation. This new factor has become a goal which can be 
set without loss of prestige and it consequently has a marked 
effect in changing their aspiration estimates and difference 
scores. For such subjects, the aspiration estimate might thus 
be the consequence of a momentary striving situation rather 
than determined by basic goals. 

(d) Change of Goals in Situation II as a Consequence of 
Group Performance.—The comparison with the group perform- 
ance resulted in a change in the nature of the explicit goals of 
the subjects, whether their estimates were affected or not. 
The goals of the subjects were clarified through this compari- 
son and meant more to them in addition to their becoming 
more standardized. While originally the goals of the subjects 
had been entirely independent of any outside influence, since 
the subjects knew nothing about what scores should be at- 
tained on the tests, now the goals of the subjects were in rela- 
tion to the group performance. In other words, these sub- 
jects wanted either to beat the group or €qual the performance 
level of the group. In this way the goals of the subjects be- 
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came more concrete: While before, the subjects’ aspirations 
may have taken flights into unreality and may have. been 
extremely high, in Situation II they were tied down to a 
‘specific factor, namely, the scores of the group. -Whereas in 
the first situation feelings of success and failure had been ex- 
perienced only in relation to the estimates of the subjects or 
with reference to the other goals which the subjects had, in 
Situation II feelings of success and failure were experienced 
mainly in relation to the group performance. 


D. Discussion x 


We have found reliable shifts in the aspiration estimates of 
our subjects. The meaning of these shifts was studied 
through data obtained from interviews concerning the first 
and second situation., From the quantitative data we dis- 
covered that most of our subjects were setting standards that 
were higher than their own achievement. We may present 
the following hypotheses in connection with the original 
strivings of the subjects. (1) That the high explicit strivings 
were determined by desires to do well in the task. (2) That 
the continued discrepancy between their performance and 
estimates was creating a tension in the subjects which could 
be relieved by the introduction of appropriate factors. The 
experimentally introduced factor brought about a change in 
Each subject discovered the group as a whole 
he was. As we know, the estimates 
of most of the subjects were reduced with the majority dis- 
claiming that the low group estimates were factors influenc- 
ing the reduction of their own estimates. The reduction of 
the estimates can be seen, however, in light of the two hypoth- 
eses stated above. The subject could relieve the tensions 
established through the discrepancy between the scores and 
estimates by reducing his own estimates. At the same time, 
he was not relinquishing a satisfactory goal as he discovered 
that in terms of the group performance his own score was not 
a bad one. What may have occurred for most of the subjects 
then, was a shift in explicit goals (which does not necessarily 
carry the implication with it that implicit goals had been 


the situation. 
was doing no better than 
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changed). The desire to do well still existed but a more 
stable criterion of good performance had been established. 
"This enabled the new criterion to become a goal rather than 
the original-high estimate established by the subject. 

One might also ask why under these circumstances was 
the average of the group accepted by the subjects if they were 
desirous of making a good score. Would they not really 
aspire to do better than the average? A number of factors 
must be considered in evaluating the apparent acceptance of 
the group performance as a goal. We must remember that 
if the discrepancy*between the performance and the estimates 
of the subjects created a state of tension they would more 
readily accept a passable but adequate goal which could 
relieve their tension than continue to set an unreachable goal. 
Moreover, the subjects’ aims did not seem to be that of 
merely reaching the group performance but of doing a little 
better. "This is shown by the fact that while the difference 
scores were reduced they still remained positive, as well as by 
the'increased estimates that most subjects gave when they 
fell below the group performance on individual trials of a 
given test. Subjects scoring continually below the group, 
and thus being unable to compete with the group on the plane 
of performance, often raised their estimates to the level of 
the group's performance and so received some satisfaction 
from placing their estimates in competition with the perform- 
ance of the group. For most of the subjects under the new 
circumstances, it was, however, possible to equal or exceed a 
goal that was satisfactory to the ego without bringing in a 
tension due to setting an explicit standard that was too high. 

The group’s estimate may be a factor in determining the 
lowering of the individual estimate in the second situation, 
but the manner and extent ofits influence are not clear. While 
in the statistical results we find a definite change in the direc- 
tion of the group estimates, yet in the interview 13 out of the 
20 subjects flatly denied that the group estimates had any 
direct influence. The great majority of difference scores 
were positive and the lower estimates of the group could 
conceivably have created an atmosphere in which social 
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sanction was given to the lowering of the estimate. ‘Tensions 
created through the attempt to maintain too high a standard 
could also be relieved by conforming with the group. 

The results of this experiment show that the aspiration 
level can be greatly affected by the organization of the field 
that the subject finds himself in. General motives of avoid- 
ing failure and relieving tensions may be thought of as being 
strong determining factors in the subject’s behavior. In the 
first situation, the establishment of high goals may help to 
avoid failure but it creates tensions. The second situation 
enables the subject to avoid failure by utilizing an acceptable 
substitute goal which relieves the tension created by a dis- 
crepancy between his strivings and achievement. à 

The data of this study would fit into the hypothesis that 
the expressed level of aspiration is the consequence of a num- 
ber of factors entering into the specific situation that the sub- 
ject is faced with and that with the alteration of the field 
situation the explicit aspiration could change considerably. 
Such findings would indicate that if there is a legitimate 
problem in connection with the generality of the aspiration 
level it is not to be solved by dealing with correlations be- 
tween difference scores obtained in a variety of different 
situations. Rather, it must deal with investigations con- 
cerning the more permanent bases of the individual's strivings. 


Е. Summary AND CONCLUSIONS 


I. Performance scores, aspiration estimates, and difference 
scores between their performances and aspirations were ob- 
tained on 20 male college students using several trials of a 
synonyms test and an information test. 

2. In the first session of the experiment, positive differ- 
ence scores were obtained for the vast majority of subjects. 

3. In a second session, each subject was informed of the 
average performance and average estimate of а fictitious 
group of 5o fellow students at the end of each trial in each of 
the two tasks. Actually the performance level reported was 
equal to the subject's own performance obtained in the first 

"session while the estimate of the group was in the direction 
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opposite to that of the subject, differing from his own estimate 
by about 4 points. 

4. In the second session the difference scores of the sub- 
jects while remaining slightly positive were reliably reduced 
in magnitude. . 


5. Interviews conducted after the second session to ascer- 


tain the subject's perception of the two situations revealed 
the following: 

(a) A majority of the subjects shifted their explicit goals 
from their own estimates to those of the group performance. 
The hypothesis was developed that the high level of aspira- 
tion created a tension which the introduction of a goal ac- 
ceptable to the subject's ego relieved. (Since the fictitious 
group's average was just equal to the subject's own perform- 
ance in the first session it could be reached or approached by 
most subjects no matter how poor their performance actually 
was. A number of subjects were able to exceed their earlier 
averages.) 

(0) Most subjects denied being consciously influenced 
by the low estimates of the group. It is possible however 
that these low estimates created an atmosphere which granted 
social sanction to the lowering of the estimates. 

‚ 6. It was concluded that the explicit level of aspiration 
could be varied considerably by changes in the specific fca- 
tures of an ‘aspiration’ situation. The problem of the 
generality of aspiration estimates could be investigated more 
fruitfully through studies of the factors underlying expressed 
level of aspiration than in terms of the difference scores of 
the aspiration estimates themselves. 


(Manuscript received May 6, 1940) 
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AN ADAPTATION OF THE SMEDLEY HAND 
DYNAMOMETER FOR USE IN MEASUR- . 
ING VOLUNTARY FATIGUE * 


BY R. FREDERICK BECKER AND HARRY N. GLICK 
Northwestern University Medical School 
and 
Massachusetts State College 


І. THE Ercocrapuic AND DvNAMOMETRIC METHOD 


In 1914, Glick (7), as reported in an unpublished thesis, 
devised an experimental apparatus for measuring voluntary 
muscular fatigue which, so far as is known, has not been du- 
plicated since that time. Recently we have reconstructed a 
similar instrument which we believe eliminates some of the 
shortcomings commonly encountered in ergography and dy- 
namometry. a 

It will be well to examine first some of the methods em- 
ployed in the past in studying work and fatigue of simple 
muscle groups in the integrated organism. Of classic interest 
is Mosso's adaptation of the principles inherent in von Helm- 
holzs myograph. In the construction of the ergograph for 
measuring work done in finger flexion against a constant 
weight, Mosso (10) attempted to isolate the working muscles 
as completely as possible so that no aid could be given them 
as they tired. The work curves were recorded on a revolving 
kymograph. An apparatus of this type is still widely used 
today, and has been the means of securing valuable informa- 
tion concerning muscular fatigue. 

However, after the early enthusiastic investigations of 
Lombard (8), Mosso (10), Bergstrom (2) and Ash (x), interest 
in ergography waned for a time. It is quite impossible in the 
integrated organism to confine work to isolated members of a 
definite muscle group and expect these members to operate 

1 The apparatus was constructed in the Psychological Laboratories of the Massa- 


chusetts State College. 
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under constant conditions. Many investigators avoided the 
ergographic technique for this very reason. Yet there has 
not been substituted for study any other integrated activity 
entirely devoid of the variability inherent in the weight-lifting 
or spring-pulling of ergography. Renewed interest, on the 
part of the psychologists at least, is evidenced by the contribu- 
tions of Crawley (5) 1926, Weinland (1r) 1927, Manzer (9) 
1927, and Yochelson (12) 1930. Using modifications of the 
Mosso apparatus these investigators studied the contractions 
of the single finger, of the hand muscles involved in grasping, 
of the flexors of the leg, and the large muscles of the trunk as 
used in rowing. None of these investigators are as interested 
in isolating the working muscles involved as were the earlier 
workers. In fact, at the present time, it is still next to impos- 
sible to study a simple muscle or muscle group in the inte- 
grated organism with the expectation of constant conditions 
and non-interference of other closely related muscle groups 
in spite of stops, straps, clamps and other devices. 

Furthermore, there are other objections to the use of the 
Mosso type of instrument. With the weight ergograph, if 
the maximal contractions are repeated every two seconds, at 
first the extent of movement is great; but after fifty to one 
hundred contractions the muscle can no longer raise the 
weight, and no mechanical work can be accomplished. Тһе 
total work, therefore, according to Mosso, which a muscle 
can do before it is fatigued, is the product of the weight and 
the sum total of the extent of the separate lifts. There is 
some question as to the truth of this statement. When a 
muscle can no longer lift a weight of three kilograms and con- 
sequently under this condition does no mechanical work, it is, 
nevertheless, not entirely fatigued and can still function. 
Indeed, a weight of two kilograms may, at this point, be 
lifted nearly as high or even higher than the initial lifts at 
three kilograms. Moreover, when a muscle pulls against a 
weight it cannot lift, considerable physiological work is being 
done-even though no mechanical work is evident. 

In addition, weight ergograms are hardly comparable even 
when two individuals pull the same weight until their finger 
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muscles are exhausted. Individuals have their own character- 
istic maximal pulls. If a man is set to work who can just 
raise three kilograms to its highest level once, certainly the 
rest of the curve will show a decided downward trend. If 
another individual is set to do the same task but who can 
easily lift five kilograms, his curve will show a long series of 
lifts of even height before there is any indication of a drop. 

In fact, if one examines the usual weight ergogram, there is 

nothing much there in the way of a fatigue curve at all. 

Usually there is a long series of lifts of equal height and about 

two or three decreasing lifts at the end. The end drop in al- 

most evéry case exhibits a decided, sudden dropping-off which 
one would hardly expect of muscular fatigue. The weight 
ergograph has a further disadvantage common to all isotonic 
measurements. Тһе changes in extent of movement from the 
early contractions to those at the end cause a corresponding 
change in muscular nutrition so that the condition of the 

muscle is wholly changed during the work period. * 

It was such objections as the foregoing which led Franz 
(6), Cattell (4), Binet and Vaschide (3) and others to devise 
their spring ergographs. By pulling against a spring of the 
proper tension the least as well as the maximal contraction of 
each individual could be recorded. "There was also less chance 
for jnertia to alter the height of contraction as compared with 
weight ergography. The very shape of the curve itself was 
more indicative of fatigue than that of the usual weight ergo- 
gram. 

In spite of these advantages one must also recognize the 
limitations of such an instrument. The tacit assumption 
made by users of the spring ergograph, that the tension of the 
spring is immaterial provided the tension constant is sufficient 
enough to register maximum effort each time a contraction 1s 
made, is not entirely free from question. As Franz (6) demon- 
strated so well, if, after a series of contractions against the 
force of a heavy spring, a new series was begun on a lighter 

‘spring, the work done with the lighter spring was always 


ater than that done with the heavy spring. In addition, 


gre | c 
avy to a light spring 


whenever a change was made from a he 
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there was a decrease in the amount of tension overcome. In 
another experiment, work with a medium spring was alter- 
nated with work upon a strong spring. Sixty-six alternate 
work periods were run with ten-second rest periods between 
changes of springs. All results were the same; both the work 
accomplished and the tension overcome were different when 
different springs were used. In regard to work done, it was 
found that some subjects did more work against the medium 
spring. The amount of tension overcome was always greatest 
against the heavy spring. It would seem that a change in 
tension in spring ergography creates a condition similar to a 
change in weights on the Mosso instrument. With the spring 
ergograph, likewise, the condition of the muscle is markedly 
altered during the work period. "We are dealing, however, 
with an oxotonic rather than isotonic effect in this instance. 

Of recent years, one finds little reference to the use of the 
hand dynamometer as an instrument for measuring voluntary 
muscular fatigue though it was used quite extensively in the 
past. An early modification of the hand dynamometer for 
the study of. fatigue was reported by Cattell (4) in 1897. 
There is no detailed description of this ‘ergometer.’ It is 
simply disclosed that an instrument was fitted to write upon 
a kymograph and the pressure of the thumb and forefinger as 
well as the movement of any finger could be measured. 

In these early reports two methods were commonly em- 
ployed—the method of sustained contraction, and the method 
of separate contractions. In the former case a metronome 
would be set to beat once a second. The subject was in- 
structed at the signal, ‘now,’ to grip as forcibly as possible and 
maintain his grip with the utmost effort until told to relax at 
the end of one minute. The subject was to watch the hand on 
the dial and keep it as high as possible. 
noted the initial reading and one at every fourth beat of the 
metronome thereafter. Im the method of separate contrac- 
tions the subject made a series of 16 grips as forcibly as pos- 


sible at 4-second intervals. The experimenter jotted down 
the readings as previously. 


The experimenter 


instrument can no 


MEASURING VOLUNTARY FATIGUE 457 


The work of Binet and Vaschide (3) in 1897 is illustrative 
of studies of this sort. Using the separate contraction method 
upon a group of boys ages 10-13 and a group of young men 
age 18, each gripping 5 times alternately with each hand, 
these authors noted four types of endurance curves. "These 
types represented: (а) a sudden drop, then fairly constant; 
(b) approximately stationary or.constant type which they 
thought quite common; (c) a continuous, but gradual drop; 
(d) and a more or less definite rise—this type infrequent. 

Outside of Glick's (7) unpublished thesis of 1914 it is hard 
to find any recent studies of note employing the hand dy- 
namometer as a measuring device in relation to the work 
decrement. 

In most of the early studies the instrument used was either 
the oval type, which fitted in the palm of the hand or the 
larger Smedley Revised Dynamometer with or without pneu- 
matic transmission. As Franz (6) indicates, the dynamom- 
eter has an advantage over the ergograph in that it employs 
an isometric spring. When a muscle pulls against an isomet- 
ric spring the muscle does not shorten very much and the 
energy is converted mainly into tension. This very factor is 
a distinct improvement over the isotonic and oxotonic con- 
tractions encountered in ergography. In pulling against a 
weight or spring the muscle is continually lengthening and 
shortening, and these changes in extent of movement intro- 
duce another variable factor which should be eliminated if 
possible. When the movements are long, as in the beginning 
series of contractions on the weight ergograph, a considerable 
amount of blood and lymph is displaced about the muscle 
tissue. Circulation is increased and waste products are elimi- 
nated readily. When the movements become shorter, as 
toward the end of the series of lifts, the circulation becomes 
sluggish, wates products accumulate more rapidly and the 
condition of the muscle is wholly changed. With a constant 
extent of movement as in isometric contractions this difficulty 
is reduced to a minimum. 

The obvious objection to the oval dynamometer is that the 
t be gripped in precisely the same manner 
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during consecutive contractions. A slight shifting about in 
the hand brings fresh muscles into play, and partially fatigued 
muscles have a chance to recuperate. Slipping due to perspir- 
ation is very apt to occur during a series of grips so that re- 
sults are not strictly comparable. Likewise there is no al- 
lowance possible for variations in length and contour of hands 
with such an instrument. 

In order to avoid some of these difficulties, Smedley in- 
vented a new type of dynamometer which is now commonly 
used more as an instrument to measure strength of grip than 
endurance or fatigue. However, it has been used for this 
latter purpose. There is less chance for the hand to slip in 
grasping the specially shaped handle. Moreover, the handle 
can be adjusted to fit almost any type of hand. As mentioned 
above, either the method of constant or intermittent grip was 
employed by the investigators using such an instrument to 
measure the work decrement. The intermittent method was 
preferred but the experimenter ran into more difficulty than 
the subject when this technique was used. With the metro- 
nome set at 60, the experimenter signaled the subject to grip 
on every fourth beat. The experimenter then had to read the 
dial, record the figure, reset the hand and get the subject ready 
for the next grip. Obviously the method was open to error in 
reading the instrument as well as allowing too much time for 
recuperation of the muscles between grips. 

Smedley then produced his Revised Dynamometer fitted 
with an attachment for pneumatic transmission. A small, 
tightly-fitting piston head moves in a small aluminum tube. 
The tube is connected with a tambour by means of a slender 
rubber tubing. When the instrument is gripped the piston 
works in the tube tending to create a vacuum in proportion to 
the force exerted upon the dynamometer. 
vacuum effect is transmitted through the tubing to affect the 
diaphragm of the tambour. This, in turn, affects a stylus 
which records upon the drum of a kymograph in the usual 


way. An instrument of this type is marketed by the C. H. 
Stoelting Company at the present time. 


Naturally, the 
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Such an apparatus seemed to be the solution to the prob- 
lem. Now all the experimenter had to do was to sit back and 
let the subject pull, and the tempo could be stepped up to once 
or twice a second, thus, eliminating recuperative effects. 
However, Glick (7) found that pneumatic transmission pro- 
duced an inaccurate recording of the voluntary fatigue curve 
in three respects: (1) A quick grip tended to create a greater 
vacuum and hence affected the stylus more than a slow grip 
of the same force. Some subjects were inclined to grip quickly 
and let go slowly; others did just the reverse. Hence compara- 
ble records could not be obtained from two such adverse indi- 
viduals. (2) A strong grip affected the recording more than a 
weaker one. For example, if a grip of 50 kilograms effected a 
throw of the stylus two inches, a grip of 20 kilograms may not 
have effected a throw of more than half an inch. The dis- 
crepancy is probably explained as an effect of inertia—a long 
throw carrying the stylus beyond the point where force alone 
could drive it. (3) Possibly the greatest defect of pneumatic 
recording was its failure to. register holding effects. Few 
subjects relax completely between successive grips. That is, 
as fatigue develops, a certain amount of contracture of the 
flexors becomes noticeable. The hand of the dynamometer 
never comes back to the base line after each grip. Kymo- 
graphic recordings give no hint as to the amount of holding 
the subject does. If the subject relaxes completely between 
grips at first and holds toward the end of the curve, his kymo- 
graphic record will show a sudden drop. If the subject devel- 
ops an early contracture but relaxes later, as some do, the end 
of the kymographic record will show but little drop. As far 
as the record of work is concerned, the two curves might be 
quite comparable, yet one would never suspect it from the 
kymographic recordings. ; 3 

Since the method of pneumatic recording could not be 
relied upon, Glick (7) constructed an instrument of his own 
which was simply a Smedley Dynamometer with its three 
salient faults corrected. It is essentially this instrument 
which we have constructed in a recent study of voluntary 
muscular fatigue (to be reported later). There have been 
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some minor changes in order to facilitate recording. While 
the Smedley instrument is now only occasionally used to 
measure the strength of grip, with a bit of revamping, such 
as we are about to describe, it has inherent possibilities of be- 
coming a good apparatus for measuring voluntary muscular 
fatigue. t 


П. CONSTRUCTION OF THE APPARATUS 


The dial plate and marker-hand were removed from the 
usual Smedley Revised Hand Dynamometer, and the dial was 
replaced by a piece of sheet zinc тт inches by 13 inches (Æ, 


Fic. 1. Modified Smedley Hand Dynamometer. 


Front view. 


yy 
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Fig. 1) backed by cork boarding to hold it stiff (4, Fig. 2). 
An aluminum sheet would probably serve better. The in- 
strument was not centered on the zinc sheet since about 8 
inches to the right were needed for a prolonged hand while no 


Fic. 2. Modified Smedley Hand Dynamometer. Rear view. 


more than four inches were required to the left. (see Fig. 1). 
The fixed hand was prolonged about 17 centimeters by a 
small, thin-walled, brass tube about 4 millimeters in diam- 
eter (C, Fig. 1). The tube may be either soldered or fast- 
ened to the fixed hand by small screws. The tube was sawed 
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open on the under side nearly to its full length—all except 
about 3 centimeters where it fastened to the hand. This slit 
in the tube was about 1 millimeter wide. 

A small brass rod about 2 centimeters long was free to 
slide inside the prolonged tubular hand. A small, delicate 
spring stylus was soldered to the under side of the rod near its 
most distal end as it lay in the tube. The stylus projected 
through the slit in the under side of the tubular hand and 
made contact with the zinc surface. When the instrument 
was gripped, the long hand moved in an arc across the zinc 
surface for a distance proportional to the force exerted just 
as the original hand moved in an arc about the dial of the 
original Smedley instrument. If the surface of the zinc sheet 
were now covered with smoked kymograph paper cut to fit 
and fastened with spring clamps (B, Fig. 2), the stylus would 
leave a curved tracing in the soot indicating the extent ої 
movement of the hand. 

The problem was to have the stylus mark at a different 
place for each successive grip if the force of each was to be 
measured. The works of an alarm clock (C, Fig. 2) were 
fastened to the rear of the zinc sheet. The shaft for winding 
the main spring was extended through to the front and keyed 
to a spool (D, Fig. 1). The spool acted as a stem wind when 
turned in one direction. A small brass stud projected from 
one side of the spool about which a loop of thread (Æ, Fig. 1) 
could be slipped. The other end of the thread passed behind 
a peg guide (В, Fig. 1), through the tube, and fastened to the 
end of thestylus-rod. А lever (G, Fig. т) started and stopped 
the alarm clock. The clock was then wound, the loop was 
attached to the stud on the spool, and the lever was raised. 
The thread then wound slowly around the spool and the 
stylus-rod was drawn up the tubular hand at a slow rate mak- 
ing a new mark in the soot each time the subject gripped. 
See Fig. 3 for a typical record. 

A bumper (H, Fig. 1) covered with soft felt was fastened 
to the zinc sheet for the hand to strike, for it often came back 
violently when a subject relaxed. completely between grips. 
At the distal end of the tube (Z, Fig. т) a small rider was fast- 
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SUBJECT 
DATE 
TIME 


ote the holding effects along the base line. 


Fic. 3. Sample recording. N 
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ened to run smoothly over the zinc surface, and to keep the 
long arm from dipping into the soot and spoiling а record. The 
path of the rider can be seen in Fig. 1 where it has marked the 
zinc surface by constant rubbing. In Fig. 2, ‘ В” indicates the 
aluminum attachment of the Smedley Revised Dynamometer 
to which the rubber tubing and tambour would be attached 
for kymographic recording. It is not necessary to use this 
attachment at all in out present instrument. The catch 
(X, Figs. 1 and 2) marks the point where the handle may be 
adjusted to allow for differences in hand size. 


ПІ. Tue Apparatus IN Use 


In making use of the instrument, it is best to allow the 
prospective subject a practice period once daily for about a 
week or more before beginning the actual recording. ‘The 
training period allows the subject to get the ‘feel’ of the in- 
strument and to learn how to grip in time with a metronome 
beating once every half second. In addition, this period 
serves to iron out some of the so-called “practise effects’ of 
the initial improvement which often crops up in the early 
course of experimentation. It is surprising to note how 
difficult it really is for some subjects to learn to grasp in 
rhythm, so that a practise period is almost essential. 

When the recording is to begin, the subject is given the in- 
strument fitted with smoked kymograph paper. Smoking is 
best accomplished by ‘fastening the paper to the instrument 
first and then passing the face of the instrument over an 
ordinary smoking jet. The stylus has been moved to the dis- 
tal end of the tubular hand and the String is taut enough about 
the spool to begin instant winding when the alarm clock lever is 
raised. The subject grasps the dynamometer in his preferred 
hand allowing it to hang loosely by his side. The metro- 
nome is set beating at 120 per minute and the subject signals 
when he has caught the ‘feel? of the rhythm. "The experi- 
menter trips the clock mechanism, and the subject grips in 
time until exhausted. No single trial has been found to last 
two minutes, and, among the college men and women studied 
by us, the greatest endurance Was a minute and a half— 
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not long enough to cause the stylus-rod to come to complete 
rest. dE i 
When the recording is complete, the necessary data such 
as the subject’s name, the date, etc., may be scratched in one 
of the corners with a wire or bamboo stylus. The record is 
unfastened and run through the usual fixing bath of alcohol 
and shellac. , In order to read the points of such'a work-curve, 
it will be necessary to construct a scale graded in kilograms 
pulled from the original dial of the Smedley instrument. This 
scale can be drawn or scratched on transparent celluloid as in 
Fig. 4, or etched in glass. The recording is placed on a draw- 


"Ето, 4. Scale in kilograms for reading recordings. 


ing board and the scale is placed over it so that the base line 
or bottom edge of the scale coincides with the base line of the 
recording, and the arched section of the scale (a, Fig. 4) coin- 
cides with the first arc on the recording which is always traced 
by the rider on the end of the tube. Figure 3 shows this 
heavy, outer guide-line as it is clearly defined in a sample re- 
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cording. The readings taken from the top points of such a 
recording can be plotted graphically as is convenient to give 
the usual picture of a fatigue curve. The points along the 
bottom of the recording can also be read from the scale and 
plotted to show contracture, or the amount of holding which 
varies from subject to subject. 


IV. Summary 


A critique of past methods in ergography and dynamome- 
try has been presented. An analysis of this sort has led us 
to the construction of an apparatus designed to correct the 
errors usually encountered in recording the work decrement 
by these methods. The instrument is essentially the stand- 
ard Smedley Revised Hand Dynamometer remodeled to pro- 
duce a direct and satisfactory recording of the fatigue curve 
of the muscles involved in successive, forceful gripping. On 
the basis of careful testing in an experimental study to be re- 
ported soon, we feel that the apparatus is a decided improve- 
ment over the usual ergographic and dynamometric proce- 
dures for the following reasons: 

I. Contractions are made against an isometric spring thus 
eliminating the changes in extent of muscle movement with 
their concommittant changes in muscular nutritional state 
such as are encountered in isotonic and oxotonic contractions. 

2. A true picture of the work decrement in voluntary 
muscle effort is rendered possible including such phenomena 
as contracture, treppe, initial spurt and end spurt when such 
are present in individual work curves. » 

3. The mechanical errors 
raphy and pneumatic rec 
eliminated. 


which falsify results in ergog- 
ording on the dynamometer are 


(Manuscript received May 3, 1940) 
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AQUANTITATIVE STUDY OF COMBINATION TONES* 


BY ERNEST GLEN WEVER, CHARLES W. BRAY, AND 
MERLE LAWRENCE 


Princeton University 


The combination tones were discovered nearly two cen- 
turies ago, and since that time many questions have arisen 
regarding their nature, origin, and relation to the more general ` 
problems of hearing. Subjective observations, on account of 
the complexities of the perceptual situation, have afforded 
only limited evidence as to the character of the phenomena and 
their dependence upon the stimuli. Such observations appear: 
particularly deficient in attempts to determine the relative 
roles of peripheral and central portions of the auditory system. 

The electrical responses of the ear have already been used 
in this field to demonstrate the general character of the dis- 
tortion pattern and to reveal the parts of the auditory mech- 
anism which are responsible for it (16, 17, 18). The present 
experiments are concerned with the combination tones and 
their quantitative relations to the stimuli, as these are shown 
in the electrical potentials of the cochlea. 


METHOD AND PROCEDURE 
The experiments were performed upon guinea pigs under 


Urethane anesthesia. 
loudspeaker, which was actuated by currents from two audio- 
frequency channels. Each channel consisted of a beat-fre- 

1 This investigation was aided by grants from the Rockefeller Foundation and the 


National Research Council. 
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The stimuli were pure tones from a . 


Ma 
« 


470 E. G. WEVER, C. W. BRAY, AND M. LAWRENCE 


quency oscillator, attenuators, filters, and other controls. 
The sounds from the loudspeaker were conducted through a 
tube to the meatus of the animal’s ear. A probe tube with 
connected microphone was inserted in the system near the 
meatus for tests of purity. These tests showed that the 
sounds as delivered at the meatus contained only negligible 
amounts of harmonics and combination tones. _ 

The cochlear potentials were picked up with a silver foil 
electrode on the membrane of the round window, and after 
amplification were studied with a wave analyzer (General 
Radio Type 736-А) and sometimes with a cathode ray oscillo- 
graph. Results were obtained on 20 ears, with a variety of 
procedures as described below. 

For the discussion that follows, two definitions are neces- 
sary. By the combination tone series we refer to the complete 
series of components represented by the absolute values of 
(mh + nl), when h, I are the primary frequencies and m, n 
take all possible integral values. The order of any combina- 
tion tone is then (m +n — 1). 


Tue COMBINATION-TONE PATTERN 


The first difference tone, which was the earliest combina- 
tion tone to be found, is rather easily heard when the condi- 
tions are suitably arranged. Other combination tones, how- 
ever, are heard with difficulty. Hällström (3) was able to 
observe about four difference tones. Helmholtz (4) noticed 
perhaps the same number, and in addition discovered the first 
summation tone. “Later observers, with long practice and 
skillful arrangement of conditions, were able to detect com- 
ponents of fairly high orders, possibly as high as the 8th (9). 
However, in these situations only a few components, usually 
no more than two or three, could be made out at any one time. 
The exploring tone method, in which a third tone is brought 
in to beat with the component sought for, gives evidence that 
the auditory pattern is more extensive than it appears to 
direct perception. By this method Wegel and Lane (15) were 
able to demonstrate the existence of II or I2 combination 
tones, including members up to the 3rd order, when precau- 
tions were taken to insure purity of the stimuli. , 


| 
| 
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In view of the limited indications of ordinary observations 
it is remarkable that the electrical responses of the cochlea 
reveal combination tones in veritable profusion. Without any 
attempt to exhaust the possibilities, we have recorded as many 
as 40 components, including overtones and combination tones, 
with stimuli of rooo^' and 2800^'. These are shown in Table 
I, except for an 8th order tone of 6200^' which would require 


TABLE I 
COMBINATION Tones 


(The arrangement shows the relation of the components to the primaries and their 
multiples.) 


In the table, the numbers in brackets in- 
dicate frequencies looked for but not found. The 4 missing 
components are all in the last column, and all are summation 
tones; their high frequencies perhaps have something to do 
i ir absence. 
kx order of component in the table is the 8th. 
With other primaries we have observed tones of yet higher 
order. Thus, with rooo™ and 1300^ we obtained 1800^, 
which is given both as (gl — 4). of the goth order and as 
(6h — 6) of the 11th order. With тоо“ and 10,000~ we 
obtained 8006“, which is (h — 201) and of the 2oth order. 
The production of combination tones does not seem to be 
limited by the frequency separation of the primaries. These 


another column. 
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tones appear for primaries of closely similar frequency, and 
also for primaries from either end of the tonal scale. For 
example, we obtained a first difference tone of 25^' with ro00^ 
and 1025^'; and with the primaries of 100^' and 10,000^' we 
found the complete series of difference tones (h — l), (h — 21), 
(h — 31), etc. up to (h — 20l), and the corresponding series of 
summation tones, (h + 1), (h 4-21), (А + 31), etc. up to 
(h + 150), a total of 35 combination tones. 

Newman, Stevens, and Davis (то) likewise found an ex- 
tensive series of combination tones in the cochlear responses 
of the cat; they observed components up to the 11th order. 

Components which do not belong to the harmonic series 
of either primary or to the combination tone series as defined 
by the formula (mh + nl) have not been found. In addition 
to general exploration, we have made a special search for sub- 
harmonics, the meantone, and the intertone, but have not 
found them. 

Intensity RELATIONS 


A number of systematic measurements have been made to 
discover the relation between the magnitude of the combina- 
tion tones and the intensities of the two stimuli. Some of the 
results will first be presented for primaries of h = 28007 
and l = 1000™, 

In the figures that follow, the magnitude of cochlear re- 
sponses is shown in microvolts on the ordinate, and stimulus 
intensity is given in db. on the abscissa. The reference in- 
tensity (zero db.) is approximately 1 dyne per sq. cm. 

Figure 1 shows the intensity relations for the first difference 
tone, (h — 1) = 1800™. Three other curves appear in this 
figure, and are labelled roo0™, 2800™, and 1800™; these show 
the responses obtained from the two primary stimuli and from 
a stimulus tone of 1800™, each presented separately. The 
abscissa represents the intensity of the appropriate stimulus 
tone; for each of these curves. The three functions shown are 
simple power functions, as is general for the cochlear responses, 
and have slopes which vary only slightly from unity, except 
at high intensities where ‘overloading’ enters. The curve for 
1800^' was not carried to the higher levels, as it was obtained 
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only for comparison with the difference tone of the same 
frequency. | ` 


1000 


RESPONSE IN AV 


“o -ю о ю " 
INTENSITY N 08 
Fic. 1. Intensity functions for the first order difference tone (h— N = 1800™, 
plotted with 2800^' as abscissa and 1000~ as parameter. Also, on the left, are func- 
tions for the primaries and a stimulus tone of 1800“. 


The results for the difference tone form the family of 
curves on the right. They are plotted against the 2800^ 
stimulus as abscissa, and with the 1000™ stimulus as param- 
eter. The parameter value (i.¢., the intensity of the 1000^ 
tone in db. with reference to I dyne per sq. cm.) is given near 
the end of each curve. The curve marked +30 db. thus 
represents the ‘manner in which the first difference tone 
nitude when the 1000~ primary has an in- 


tensity of +30 db. and the 2800~ primary is varied from —20 
to +30 db. A study of these results reveals the following 
relations: 


(1) For any given intensity of the lower primary, the mag- 
nitude of (k — D rises regularly, and then passes through a . 
maximum, as the intensity of the other primary is increased. 
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Beyond the maximum the rate of fall is sometimes rapid, 
sometimes rather irregular. For the higher values of the 
lower primary, the curves remain straight for a relatively 
large portion of their courses, and attain a higher maximum. 
For the lower values of this primary, the curves depart sooner 
from their straight courses, and show some irregularities. 

(2) As we go from lower to higher parameter levels, the 
point of maximum remains for a time about the same abscissa 
value, and then shifts rather sharply to the right. It often 
appears that the shift begins about the level at which both 
primary functions depart from their simple form and begin 

* to bend. 

(3) Over their straight portions, before bending occurs, 
the (h — I) curves are closely similar to the curves for the 
primaries, and also to the curves for the 1800™ stimulus. The 
steepness of these curves, as they appear on double-logarith- 
mic coordinates, may be indicated by their tangents, or, more 
generally, as the value of a in the expression E = kP*, where 
E = electrical potential in microvolts, P = sound pressure in 
dynes per sq. cm. for the stimulus that is varied, and & is 
a sensitivity constant. For the results shown, the values of 
the exponent а are 0.988 for the rooo^ curve, 0.986 for the 
2800^' curve, 0.990 for the 1800~ stimulus curve, and they 
vary from 0.96 to 1.03 for the (h — I) curves. 

It must be emphasized that the exponents just given for 
(h — 1) are with respect only to the 2800~ stimulus, since for 
each curve the 10007 primary is a constant. The contribu- 


to 0.94. Indeed, the similarity of the two 
so close that it is unnecessary to 
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from these stimuli. Since the primary functions are nearly 
linear with respect to their stimuli no decision can be made 
at the present time.? 


RESPONSE IN AV. 
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Fic. 2. ‘Intensity functions for the first order summation tone (h + ) = 3800™, 
plotted as in Fig. 1. 


Figure 2 presents results for the first summation tone, 
(A + l) = 3800™. As before, separate functions are shown 
for the two primaries and for a stimulus of 3800™. The curves 
for (h + I) are plotted with 2800^' as abscissa and 1000~ as 
parameter. A similar family of curves would be obtained by 
plotting these results in the contrary manner. 

In all essential respects the first summation tone shows 
the same stimulus relations as the first difference tone. The 
curves for the higher parameter values are simple throughout 
a considerable portion of their extent, and have exponents 
between 0.97 and 0.99 with respect to 2800^ as plotted; and 
between 0.98 and 1.06 with respect to ro00^. As before, 


? An answer to this question will be sought in genet with the pigeon, which — 
gives a function which is not linear. 


- 
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these exponents are similar to those for the primaries and for 
a stimulus tone of 3800~. The magnitudes of the summation 
tone curves are only slightly smaller than those of the corre- 
“sponding difference tone curves. 


^ 
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Fic. 3. Intensity functions for the second order difference tone (2h — D = 4600™, 
з plotted as in Fig. 1, i 


Figure 3 gives results for a difference tone of the second 
order, (2h — I) = 4600™, plotted with h as abscissa and / as 
Parameter. Also shown are functions for the two primaries 
and а stimulus of 4600™. The curves for (2h — I) are similar 
im Many respects to those already given for the first order 
combination tones. They differ, however, in having higher 
slopes with respect to h, as plotted. The exponents for the 
uppermost curves vary from 1.82 to 1.98 as compared with 
the exponents already given for the primaries and an exponent 
of 0.990 for the 4600~ stimulus. - o 

If these curves are replotted with Z as abscissa and h as 
parameter they no longer assume the high slopes indicated, 


A 


D 
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but take on slopes closely similar to those shown in the two 
preceding figures. Exponents well above unity with respect 
to one or both of the primary stimuli are characteristic of 
the components of higher order, and will be treated system- 
atically in the next section. ` 


LE] 
-60 -40  -10 ° 20 LÀ 
INTENSITY IN DB. 


Ето. 4. Intensity functions for the second order summation tone (А+ 2) = 4800“, 
plotted as in Fig. 1. 


Figure 4 shows the second order summation tone, (h + 2/) 
= 4800™, together with functions for the primaries and a 
stimulus of 4800^. The (h + 2/) curves are plotted with h 
as abscissa and / as parameter; and the uppermost curves 
have nearly linear slopes. If plotted in the contrary manner, 
with Z as abscissa, their slopes would resemble those shown 

' in Fig. 3. ' 

The data just given are for a single pair of primaries, but 
many other pairs have been used with similar results. Fig. 
5 shows the first difference tone as obtained with three pairs 
of primaries chosen from distinct regions of the frequency 
T Е 
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scale. The.primaries were 380~ and 4380^, 2300^ and 
6300™, and 5200^' and 9200™, each pair of which gives 4000~ 
as (h — 1). The results for these three pairs of primaries are 
essentially alike. The curves for 380~ and 4380™ are not as 


h=6300~ 
¥=2300~ 


heg200~ 
1.5200% 


regular as the others, and for the stimulus int 
do not attain as high magnitudes, 
are much the same. 


ensities employed 
but otherwise their forms 


Tue FUNCTIONS or Components oF HIGHER ORDER 


The results of the preceding section have revealed the 
functional relation between the magnitude of the combination 
tone and the intensity of the two stimuli. Here we shall 


consider this relation further, with Particular regard to the 
order of the component. 


The intensity relation is sim 


orders of combination tones. In Figs. 


urves for combination tones of 
the 3rd, 4th, and sth orders. For économy of space, the 


primary curves are not given, In other respects the arrange- 


* 
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ment is similar to that of the preceding figures. The same 
primaries, Ё '— 3650^ and | = 1000™, were used for Figs. 6-9. 

Figure 6 shows results for the 3rd order difference tone 
(2h — 21) = 5300™. ‘The solid-lined curve shows this com- 
ponent as a function of k, with / constant at +20 db., and the 
dashed curve shows it as a function of l, with h constant at 
+20 db. The exponent of the function with respect to / is 
2.08, and that with respect to / is 2.11. 


| | 
| 
à 
1 
9.1 B ол 
-2i 20 40 


o о -20 о 20 " 40 


10 


RESPONSE IN А. 
RESPONSE IN P. 


INTENSITY "INTENSITY 


Fics. 6 AND 7. Combination tones of the third order, of the form (2h — 21) and 
(2h + 21). The solid line shows the function with the higher primary, 36507, ав 
abscissa, and the dashed line with the lower primary, 1000™, as abscissa; in either case 
the parameter value is shown near the end of the curve. 


Figure 7 shows results for the corresponding summation 
tone, (2h + 21) = 9300~. Again, the solid-lined curve shows 
the component as a function of k, with Гаї +20 db., and the 
dashed curve shows it as a function of /, with h at +20 db. 
Here the exponents are 1.92 with respect to h and 1.93 with 
respect to L. ; 

Figure 8 presents curves for a 3d order difference tone of 
different composition, (3k — I) = 9950^. The unbroken 
curve is plotted with respect to h, with / at +15 db., and the 
dashed curve with respect to /, with A at +25 db. The 
marked difference in steepness of the two functions is ap- 
parent. The function with respect to h has an exponent of. 
3.06, and that with respect to / has one of 1.02. Ў 
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Figure 9 shows results for the summation tone (h + 3) 
= 6650~. The solid line is plotted with respect to h with [ 
at +25 db., and the dashed line with respect to / with h at 


RESPONSE IN pN- 


INTENSITY INTENSITY 


Frcs. 8 AND 9. Third order combination tones of the form (3h — I) and (h+ 3), 
plotted as in Figs. 6 and 2 


+20 db. Again, there is a difference in steepness, but it will 
be noted that here the roles of the primaries are reversed as 
compared with the preceding example. The exponent for h 
is 0.95, and that for is 2.57. 
. Figures то and її give results on difference tones of the 
4th and sth orders, with different primaries. Fig. ro pre- 
» sents curves for the 4th order component (2h — 3/) = 4700™, 
produced by primaries of 3800™ and 9662~, The solid line 
is plotted with respect to h, with lat 4-20 db., and the dashed 
line with respect to J, with h at +20 db. The exponent for 
h is 1.81, and that for Z is 3-13. : 

Figure tr gives results for a difference tone of the 5th 
order, (3h — 31) = 4700™, obtained with primaries of 25333~ 
and 9663™. The solid line is plotted with respect to h, with / 
at +25 db., and the dashed line With respect to /, with A at 
+25 db. The exponents аге 3.09 for h and 3.37 for 1. 

It is clear from the foregoing evidence that the order of 
the function as represented by the exponent a is а significant 
feature in the relation of the combination tone to its stimuli, 


» E 
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within the limits where the function is а simple one. The 
value of the exponent varies systematically with the nature 
of the component, or, more exactly, with the manner in which 


RESPONSE IN pv. 


INTENSITY INTENSITY ` 


Fics. 10 AND 11. Combination tones of the fourth and fifth orders. On the 
eft is (2k — 30), and on the right (34 — 30. As in the preceding figures, the solid 
line shows the function with respect to the higher primary, and the dashed line shows 
the converse function. 


the variable stimulus enters into the formation of the com- 
ponent. A comprehensive study was made of the values of a 
for several orders of combination tones, as given below. 
Series r.—Five pairs of primaries were selected to give 
successive orders of difference tones, all with a frequency of 
18007. They were as follows: | 


Di: h = 28007, 1 = 1000^; (&—1)— 1800™. 
Da: h= 38007, 1 = 2800%; (21 — №) = 18007. 
Р»: А = 6600~, 1=2800~; (3/=h) = 1800^. + 
Di: k= 9400%, I= 28007; (41 — №) = 18007. 
Ds: h= 122007, l= 2800~; (51 — № = 1800™. 


The functional relations to stimulus intensity were studied 
not only for the difference tones but also for the primaries 
and for certain harmonics of the lower primary, The ex- 
ponents of the functions are shown in Table II. . 
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TABLE II 


Varurs or a For Five ORDERS or DIFFERENCE Tones 


Di Da Di D« Ds 
- £(h) 0.98 0.95 0.99 1.09 0.99 
00) 1.00 1.01 1.00 1.02 1.02 
f(D) 1.02 1.02 0.95 1.00 1.67 
fi(D) 1.08 2.10 2.98 3.07 2.42 
под ИЕ Roser. | 376 


In the table, the data for the several orders of difference 
tones are shown in the columns headed by the designations 
Di, Ds, etc. The rows marked f(h) and f(/) show the expon- 
ents.of the primaries themselves. The row marked f,(D) 
Shows the exponents for the difference tones as a function of 
h, when l'is constant, and, correspondingly, the row marked 
f:(D) shows these data when / is the variable stimulus апа 
is constant. The last row shows the exponents of the func- 
tions for harmonics of /; here л expresses the order of the 
harmonic, which for any given column is the same as the order 


For example, the column 
ies with exponents of 0.99 
difference tone (3/ — h) 


0.95 and with respect to 
1 was 2.98; also the 3d harmonic of the lower primary, 3/ 


_ of the maximum. Therefore our Measurements of slope for 
+ these components are Dot very significant. For the compo- 

nents of the three lower Orders, however, certain relations 
hold. As indicated in the table, €xponents for the two pri- 
maries and for thé difference tones as a function of Ё are of 
the same order of magnitude and approximate unity. The 


e" 
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exponents for the difference tones as a function of l increase 
with the order of the difference tone. Similarly, the expo- 
nents for the harmonics of / increase with the order of the 
harmonic. à 

Series 2.—Stimuli were chosen to give the first three orders 
of summation tones, corresponding to the series of difference 
tones just described. Also, other pairs of primaries were 
added to give 3d and 4th order summation tones in which 
both л and / entered in complex relationship, as shown. АП 
these summation tones had the same frequency. Ў 


$1: А = 2900^, l= 18007; (А+ 0 = 47007. . 
5: А = 2900^, l= ооо”; (А+ 2/) = 4700“. 
Su: А = 29007, [= 6007; (А+ 30) = 4700“ 
Ss: А = 1450, [= 900“; (2h + 20) = 4700. 
Sa: h = 96637, L= 900%; (3h + 21) = 4700“. 
Sa: А = 14507, L= боо“; (zh + 3/) = 47007. 


ТАВІЕ Ш 


VALUES or a FOR SUMMATION TONES 


In Table III, values of the exponents are given for the. 
summation tones as a function of the two primary stimuli. 
These results show clearly that the size of the exponent with 
respect to a given primary is determined by the manner in 
which that primary enters into the formation of the combina- 
tion tone. The higher the order of the primary as it enters 
into the combination tone, the larger is the exponent with 
respect to that primary. This relation will be stated more 
precisely in algebraic terms, as follows: 


f( h zl) = РАР: 


f(2l №). « PrP? 
£(3l № = PsP? 


\ " " 
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or, for the general case, 
f(mh + nl) = P,™P;", 


in which the symbol f indicates the intensity function of the 
tone in parentheses, Pa, P; designate the stimulus intensities 
of the two primaries, and m, n are any integers. The first 
expression thus signifies that the magnitude of the first dif- 
ference or summation tone varies directly as the product of 
the intensities of the two stimuli. 

The primary functions themselves are f(h) « P, and 
#0) « Pi; and the functions for the Overtones, according to 
Table II, have the form fa(mh) « Р," and fi(nl) « Py. 

These statements are true only if we ‘round off’ the ob- 
tained values of a to their nearest integral values. This pro- 
cedure is justified only if the variations are due to experi- 
mental error. We can obtain some evidence whether this is 
true by statistical treatment of a large number of measure- 
ments. Table IV gives average results of determinations of 


TABLE IV 
Mean VALUES ОР а ror DIFFERENT VALUES OF m 


exponents for a large number of combination tones. In the 
table, the data have been grouped without regard to the order 
of the combination tone itself, or to whether А or / was the 
variable stimulus. By m = т, 2, or 3 is indicated the order 
in which a given primary entered into the combination tone. 
Each combination tone thus usually yielded two data for the 
table: e.g., for the component (h + 31), the variation with 
respect to h appears under т = I, and the variation with 
respect to / under m — 4. The table gives, for the three ` 
orders of m, the mean value of exponent a obtained, the mean 
_ variations, the ranges, and the number of еее: 


7 


—— ee КИЕ" 
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As the table shows, the mean values of the exponents for 
m — 1 and m — 2 are very nearly integral, though the range 
of variation is large. For т = 3 the mean is below 3, but the 
difference is small, and under the conditions is probably 
negligible. А 

THEORETICAL CONSIDERATIONS 

Three principal theories have been advanced to account 
for the combination tones. These are the beat-tone theory, 
the overtone theory, and the transformation theory. 

The Beat-Tone Theory.—Young (19) first suggested that 
when beats become sufficiently rapid they pass over into a 
tone; this tone is what we now call the first difference tone. 
Hallstrom (3) developed the hypothesis to account for the 
difference tones of higher orders. His assumption was that a 
difference tone already present might interact with one of the 
primaries to produce other beats, and through these bring 
about additional difference tones. The scheme is as follows, 
with examples for particular primaries: 

D, = ( h — I). (2800 — 1000 = 1800) 
D, = (р, — р. (1800 — 1000 = 800) 
D; = (l — Dy. (1000 — 8оо = 200) 
etc. н 

One form of the beat-tone theory has achieved practically 
independent status as the resultant displacements theory. 
This theory accounts for the combination tones on the as- 
sumption that any periodic variation in the form of a complex 


"wave can be appreciated as a tone. The theory is subject 


to the serious criticism that no way has yet been shown by 
which a phase or amplitude variation can function as a fre- 
quency variation. 

The Overtone Theory.—Ohm (xx) objected to the secondary 
interaction of difference tones and primaries, which was the 
basis of Hillstróm's theory, and proposed instead that the 
difference tones of higher order result from overtones. He 
believed that the overtones were in the stimuli, which would 


` make all the difference tones be of the first order as defined 


by Hillstróm. The three components just mentioned were 
thus obtained as 
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4 Dı = ( В— I). (2800 — 1000 = 1800) 
Di = (h — 21). (2800 — 2000 = 800) 

D; = (31 — №. (3000 — 2800 = 200). 


It was later shown by Koenig (8) and others that the com- 
bination tones continue to be heard even when the primaries 
are carefully freed of overtones. It was then presumed that 
the overtones could arise within the ear itself, though no clear 
explanation was offered for the process apart from the trans- 
formation theory, next to be discussed. 

The Transformation Theory —Helmholtz (4, 5) postulated 
that the combination tones, and overtones as well, arise 
through distortion in the middle ear, Specifically, he sug- 
gested that displacements as represented at the inner ear are 
Proportional not simply to the impressed force, but also in 
significant degree to the square of the force, or 


X = а + aP + аР? 


where X is the displacement, P is force per unit area, or 
sound pressure, and 42» 4i, d» are constants. Due to the 
Presence of the square term in the equation, its expansion 
for a single sinusoidal wave gives a term of double frequency 
as well as the impressed frequency itself; and an expansion 
for two waves, when P becomes the sum of the individual pres- 
sures, gives sum and difference frequencies in addition to the 
Primaries and their overtones. 

Helmholtz appreciated that even higher components enter 
if X becomes sensibly proportional to higher powers of P. 
Others have carried out the necessary computations. The 
Most extensive treatment is that of Cotton (2), who expanded 
the formula to the 7th power of P, and thus included all com- 
‘bination tones up to the 6th order. 

For the complete formula the reader is referred to Cotton’s 
paper. Here it will suffice, for further reference, to list the 
first 4 terms, with the last 3 in abbreviated form. 'The com- 
ponent is given first, and then in bracketsitscoeffücient. Here 
?» @t correspond to the primaries h and 1 (e.g., ex = 22h); 
Py, Pi indicate their respective Pressures; and а d$, d3 . . - 
are arbitrary constants from the power series, In reproducing 
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these expressions we have altered the subscripts to conform 
with practice elsewhere in this paper. 


(1) cos (wr + o)tlaP,Pr+ 1.524 (Pi? Pi + P,P?) 
+ 1.87as(P4Pj* + SME ed ert + Р,3Р)) +... 7] 
(2) cos (20% + wi)é[0.75asP,27P: + * * * ] 
(3) cos (ex + 2w:)é[0.75asP,P? + * * * ] 
(4) cos (3m, + w)t[o.5a PP +.* * * ] 


Other terms, including the primaries, their series of over- 
tones, and a constant displacement term, are not given. 

Both the beat-tone theory and the overtone theory are 
defective, in that they fail to account for all the combination 
tones that appear in Table I. Neither theory accounts for 
the summation tones, while the beat-tone theory omits a large 
number of the difference tones as well. This objection to the 
theories of course is not new, as it emerged at once on Helm- 
holtz’s discovery of the summation tones. The reply made by 
the supporters of the theories, and in particular by upholders 
of the overtone theory, was that the summation tones did 
not exist, or that they actually were difference tones of higher 
order. We shall examine the latter contention. 

The Status of the Summation Tone.—The assertion that the 
summation tone is a difference tone of higher order rests upon 
the fact that we can always derive a difference tone of the 
necessary frequency by assumption of the interaction of over- 
tones. It is easily shown, however, that the necessary over- 


‚ tones are oftentimes of very high orders. For the primaries 


most frequently employed in this study, 2800~ and 1000“, 
the frequency of 3800™, which is that of the first summation 
tone, can be obtained as a difference tone if we assume the 
presence of the 6th harmonic of one primary and the 13th 
harmonic of the other, for if these are present we can obtain 
(6h — 131) = 38007. For some other ratio of the primaries 
quite different overtones are required, and this fact in itself 
is a defect of the theory. : 

Some time ago, Peterson (12) sought evidence whether an 
observed ‘component was a summation tone or a difference 
tone of higher order by the method of mistuning one of the 
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primaries. "The argument is that mistuning must have a dif- 
ferent effect on the two possible components. To illustrate, 
in the observation of (6h — 13l), an increase of / by 1^' should 
reduce the difference frequency by 137°; whereas if the com- 


. ponent is (k + 7) such a change should increase the frequency 


by 1™. _ 

We have observed in this situation, as Peterson did, that 
a change of / is accompanied by a change of the combination 
tone in equal amount and in the same direction. The com- 
ponent therefore behaves like (A + I), and not like a difference 
tone of higher order like (6h — 131). 

To this argument it тау be objected that a change in the 
frequency ratio of the primaries alters the particular overtones 
required, as mentioned above. However, a change of the 
overtones in action would alter the frequency of the compo- 
nent most drastically, and could never account for the regular 
and progressive alteration observed. 

One further contention needs to be considered. Preyer 
(13) accepted the view that the first summation tone was 
actually a product of the interaction of the first difference 
tone and the second harmonic of the higher tone, i.e., was 
[2h — (h—1)]. Since algebraically this quantity reduces to 
(h + 1), it must react to mistuning in the same manner; and 
the above observations on the effects of mistuning are not 
discriminative. However, Preyer’s explanation of the tone 
in question can be objected to on two grounds: (1) It is 
illogical to suppose that the first difference tone itself can 
enter secondarily into interaction. The reply that has some- 
times been made to escape this criticism, that there are two 


i ponent with respect to the inten- 
sity of h. If the component were [2h — (h — [)] it should 


vary as P5; whereas actually it varies as Pa. Hence it is 
concluded that the component is (h + 1). . 
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If any further evidence is needed on the status of the 
summation tone it is afforded by the following observations, 
already reported: 

1. The summation tone is of the same general magnitude 
as the corresponding difference tone. Compare, for example, 
Figs. 1 and 2, or 6 and 7. Nearly always, for particular 
stimuli, the difference tone slightly exceeds the summation 
tone of corresponding composition, but occasionally the reverse 
is true. These differences may be due in part to sensitivity 
factors. 

2. The summation tones are almost as numerous as the 
difference tones, and parallel them closely. These facts are 
evident in Table I; the only variations appear for the higher 
orders where the summation tones reach extreme frequencies. 

3. Summation tones and difference tones of the same 
orders have similar functions with respect to their stimuli. 
This fact is clearly evident in the figures and especially in the 
values of the exponents presented in Tables II and IIT. 

The above evidence disposes of the first two theories, at 
least in their conventional forms, and we are left with the 
transformation theory. , " 

Evaluation of the Transformation Theory.—Before entering 
into a consideration of the transformation theory in the light 
of the evidence now available it is necessary to point out that 
in principle the theory remains valid even if we reject the © 
original view of Helmholtz regarding the seat of the distortion. 
He attributed the transformation process to the middle ear. 
Recent evidence, however, shows that distortion occurs in the 
inner ear, and, under most conditions at least, this inner ear 
distortion is considerably more important than any that may | 
occur in the more peripheral mechanism (17, 18). We speak, 
therefore, of the transformation theory in a general sense. 

The transformation theory satisfies the initial require- 
ments of the situation by accounting for all. demonstrable 
components, combination tones and overtones alike. To do 
so, however, it is necessary to postulate a power series of very 
great length, beyond any present mathematical derivations. 
Cotton, as just mentioned, developed the formula through the 


* 


490 Е. б. WEVER, С. W. BRAY, AND M. LAWRENCE 


7th power of P, and obtained the coefficients of the first 42 
combination tones. Even this is insufficient, as our observa- 
tion of components as high as (h — 20/) indicates that the 
‘expansion must be carried at least as far as the 21st power. 
Such an expansion would give 420 combination tones. 

The transformation theory is in good agreement with the 
evidence in placing the difference tones and the summation 
tones on the same footing. In the expansion of the funda- 
mental formula these components come out in equal numbers, 
and those of similar order and form have identical coefficients. 
The observed variations in the relative magnitude of difference 
and summation tones are small, and Suggest no serious fault 
in the theory. As already indicated, they probably reflect 
the presence of sensitivity factors in the ear, which enter 
either coincidently with the transformation process or fol- 
lowing it. 

_ When we consider the variation of the combination tones 
with respect to stimulus intensity it becomes necessary to 
modify the formula somewhat. According to the mathemati- 
cal derivations, the components are contributed to by various 
(alternate) powers of P. Thus, the combination tones of the 
E order are determined not only by P2, but also by P$, 
ps i + , while those of the 2d order are determined by 

© К, P5 .... Let us consider only the components of the 
d first order, for which we have given the whole coefficient as 
‚ developed by Cotton. Now if in this coefficient the con- 
,Stants 44, as, . . . are appreciable with respect to a», the func- 
tion for the component will rise relatively rapidly with respect 
to either primary. For example, with respect to h, the func- 
tion is in the first power to an extent determined by а», in the 
3d power to an extent determined by a, and ав, and in the sth 
Power to an extent determined by as; at the same time these 
higher Powers contribute considerably to the first power varia- 
tion. Since we find empirically that the function varies 


Y * 
4 QUANTITATIVE STUDY OF COMBINATION TONES 491 


these constants are found in considerable magnitude. It ap- 
pears that the procedure which forms the basis of the mathe- 
matical derivations neéds to be reéxamined. 

If we neglect all but the first term of each coefficient we 
find excellent conformity with the observations. The ex- 
ponents given for P, and Pi, which express the rate of varia- 
tion of the combination tone with the intensities of the 
primary stimuli, agree within reasonable limits with our ob- 
served values, at least for the lower orders for which our data 
are sufficient. We therefore revise the coefficients for the 
combination tones, as follows: 


(1) cos (ex + е) РР] 

(2) cos (2c Е ә) азРаР] 
(3) cos (шл + 201) [а:Р,Р2] 
(4) cos (3m, + є) аР2Р:] 


or, in general, 
cos (ток + noi)t[as PV" Pr" ]- 


This is, of course, merely the trigonometric form of the ex- 
pression already given as 


f(mh + nl) = РР". i 


If we take account of sensitivity factors, we must alter 
the formulas by the addition of new constants UPEI RE AUN 
b,,,, which probably vary somewhat for each component. 
The general formula then will read 

cos (moy + по) [4p inb mz PA Pr" ]. 


_ 


PERCEPTUAL RELATIONS 


The results of this investigation reveal the presence and 
character of the combination tones in the peripheral processes 
of the ear. We now consider the relation of these processes 
to the phenomena shown in perception. 

' As already mentioned, direct observation of the combina- 
tion tones is a difficult matter. It has long been known that 
the observation is facilitated by proper manipulation of the 
intensities of the stimuli. na ; 


T 
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It was asserted by Hermann (7) that no advantage is 
gained in the hearing of a difference tone if one primary is 
raised in intensity while the other is held constant. Indeed, 
according to his account, this procedure is disadvantageous, 
for the difference tone, though audible for equal and rather 
weak primaries, promptly disappeared when one was increased 
in strength. "The results of the present study show that in 
the peripheral processes the combination tone increases when, 
with one primary constant, the other is raised from a low level 
of intensity. However, at a particular point, indicated as the 
maximum of the curve, this increase ceases, and a further rise 
of the primary intensity impairs the combination tone in the 
manner described by Hermann. It is likely that Hermann's 
choice of intensities was such that he was working only with 
the latter part of the intensity function, from the maximum 
onward. У , 

Helmholtz (5) noted that a combination tone is raised in 
strength both absolutely and relatively when both primaries 
are simultaneously increased. This observation is supported 
by our results. It may be seen in the formula given above 
that a combination tone is proportional to the product of the 
two primary intensities (each raised to its proper power). If 
such is the case it is evident that the combination tone must 
‘rise more rapidly than the sum of the primary intensities; and 
the rate of rise is greater the higher the order of the combina- 
tion tone. 

9 As has already been made plain, the relation just described 
is valid only within the limits where a power function obtains. 
If the intensity is ‘carried sufficiently far this function fails, 
the curve approaches a maximum, and finally bends down- 
ward. | When one primary is constant, there is a particular 
Dome d F e other that gives optimum conditions for ob- 

у у combination tone. When both primaries are 

taney sh he carat sey beyond any i 
/ withstand without damage. 

strc tn etd em, de he od oe 

: more readily than the first order dif- 

ference tone. Our results show clearly why this relation may 
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‘occur. Though the second order tone usually begins to be 


detectable at a higher stimulus level than the first order tone, 
it rises more rapidly, and sometimes it attains a higher maxi- 
mum. This condition is clearly shown in curves previously 
published, which were obtained by simultaneous variation of 
the two stimuli (18). 

The Role of Masking.—Previous observers have reported 
a particular difficulty in hearing what has been named the 
intervening difference tone, which is a difference tone whose 
frequency lies between the two primary frequencies. The 
first difference tone has this position when the ratio of the 
primaries is greater than an octave. The primaries most used 
in the present study, 1000^' and 2800™, give this kind of first 
difference tone (18007). Schaefer (14) went so far as to sug- 
gest that the intervening difference tone did not exist, or else 
was so faint as to be inaudible under most conditions. Sev- 
eral other observers, however, were able to convince them- 
selves of its presence. , 

A combination tone that falls outside the range of the 
primaries, and particularly one that falls well below them, is 
in a better position to be heard than one of the same order 
that is in the intervening position. Indeed, the early ob- 
servers referred to the combination tones as ‘grave harmonics,’ 
because they noticed only tlie low-frequency tones. 

'The reason for the differences in audibility of these types 
of combination tones is not found in the peripheral processes, 
and must arise in processes that follow. The most reasonable 
explanation is the differential effect of masking. The dif- 
ference tone that falls between strong primaries will be in the 
masking area of each of them, and will be largely or wholly 
suppressed. One that falls above the primaries will be af- 
fected less, though it may be somewhat impaired by the har- і 


‘monic masking areas. One that comes well below the pri- 


maries will be affected little or not at all. — 

The summation tones as a class have always been more 
difficult to observe than the difference tones. Some of the 
earlier writers were never convinced of their existence. Her- 
mann. (6) once remarked that he himself “had never been 


^ 
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able to hear them, and he could not find anyone who had.” 
Barton (1) attempted a mathematical explanation of the 
feebleness of these tones in comparison with the difference 
tones. According to his computations, the difference tone 
should be inversely proportional to the square of the difference 
‘in the primary frequencies, and the summation tone inversely 
proportional to the square of their sum. It is evident from 
results already presented that this relation does not hold for 
the peripheral processes. 

The perceptual faintness of the summation tones can be 
accounted for by masking. These tones are necessarily of 
higher frequency than the primaries, and can hardly fail to 
be partially masked by the primaries themselves or their 
harmonics. 

The above considerations make clear why manipulation 
of the primary frequencies can bring about more favorable 
conditions for the observation of particular types of combina- 
tion tones, as the proper adjustments will move the desired 
component out of the masking areas of the primaries. This 
point can more easily be appreciated if we consider the forms 
of masking curves for strong stimuli (15). When two stimuli 
are present the resulting masking areas will be extensive and 
complex, and it is likely that only a few regions of frequency 
will be free of their effects. The older investigators evidently 
attained considerable skill in manipulating the primary ratios 
for favorable observations, even though they proceeded for 
the most part by trial, and not with any guiding principles. 


SuMMARY 


The electrical responses of the cochlea were used to study 
the combination tones and their quantitative relations to the 
stimuli. Е 
` T. An analysis of the response to two pure tones of high 
intensity revealed, in addition to the harmonics of the two 
primaries,” all the sum and difference combinations of the 
stimuli and their integral multiples, up to rather high orders. 


Other components, such as subharmonics, the meantone, and 
the intertone, were not found. 
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2. 'The magnitude of any combination tone is a complex 
function of the intensity of the two stimuli. When one stim- 
ulus is strong and is held constant while the other is varied , 
over a wide range, the combination tone follows a power func- 
tion for a considerable portion of its course, then finally, when 
the variable stimulus becomes relatively strong, it passes 
through a maximum and bends downward. 

3. Within the limits where the combination tone follows 
a‘ power function there is a systematic relation between the 
rate of variation of the magnitude of the combination tone 
with respect їо a given stimulus and the manner in which that 
stimulus enters into the formation of the combination tone. 
At least for the combination tones of lower orders, which are 
large enough for precise measurements, this relation can be 
given a precise mathematical formulation as f(mh + nl) 

= P,P)". 

4. The results are considered in relation to the classical 
theories on the origin of combination tones: the beat-tone 
theory, the overtone theory, and the transformation theory. 
Of these, the transformation theory is found to be correct in 
principle, but in need of correction in mathematical detail. 

5. In the response pattern, the summation tones have 
equal status with the difference tones; they cannot be ac- 
counted for as difference tones of higher order. For par- 
ticular primaries there are only slight differences in magnitude 
between the summation tones and their corresponding dif- 
ference tones; usually the difference tones are slightly larger, 
but occasionally the reverse is true. i 

6. A number of perceptual phenomena, heretofore obscure, 
receive a simple explanation by way of the peripheral proc- 
esses. The results show why it is usually an advantage in 
hearing’ the combination tones to raise the intensity of both 
stimuli; and also why it may be a disadvantage, under some 
conditions, to raise but one of them. è 

7. Some features of the perceptual phenomena are not 
found in the peripheral processes, and must be ascribed tọ 
supervening activities in the nervous system. Among such 
activities is masking, which is called upon to account for the 
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relative difficulty of hearing the intervening difference tone 
and the summation tones. 


(Manuscript received June 10, 1940) 
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ANXIETY-REDUCTION AND LEARNING 


BY O. H. MOWRER * 
Department of Psychology, Institute of Human Relations, Yale University 


THE PROBLEM 


That a reduction in the intensity of the psychosomatic 
state known as dread, apprehension, nervousness, tension, 
fear, or anxiety, can function as a ‘satisfying state of affairs’ 
(as defined by Thorndike’s law of effect) and thereby bring 
about the learning of new stimulus-response sequences (‘con- 
nections’) is indicated by various clinical as well as common- 
sense observations (8, 9, 16). So far as the writer is aware, 
however, no previous attempt has been made to submit this 
proposition to experimental verification. More specifically, 
the hypothesis under examination here is that just as a re- 
duction in hunger, reduction in thirst, reduction in sex drive, 
reduction in fatigue, reduction in oxygen lack, or reduction 
in any other organic ‘need’ or ‘discomfort’ tends to ‘reinforce’ 
the behavior which brings about (or is at least temporally 
contiguous with) such a reduction or state of ‘relief,’ so like- 
wise is a reduction in the particular form of discomfort called 
anxiety effective in fixating behavior that is associated 
therewith. 

Instead of first stating the systematic assumptions under 
lying the present study and then describing the experimental 
procedure and results, it seems preferable in this instance to 

*The experimentation here feported) was carried out under the writer’s direction 
by Mr. Alex Mauro and Mr. Manuel Angulo. The writer likewise acknowledges his 


indebtedness to Mr. William D. Orbison, Miss Frances E. Campbell, and Mrs, Irene 


Anderson for other technical assistance. SARUM 
1 Interest has occasionally been expressed in the relation between various indices 


of ‘emotion’ and learning in particular situations. For example, Brown (2) has” 


reported a correlation of “80 between the size of psychogalvanic response made by 

human subjects to serially presented nonsense 

these syllables were memorized. This finding, like many others that might be cited, 

is highly suggestive but has only an indirect bearing upon the problem at hand. For 

a discussion of the relation of emotion to ‘education,’ see Lund (12). ` el 
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syllables and the readiness with which | 
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follow the opposite course. Since some of the problems here 
involved are relatively complex and as yet not completely 
solved, it is desirable to keep the theoretical part of this paper as 
concrete and unambiguous as possible. This end seems most 
likely to be attainable by going directly to an account of meth- 
odology and empirical findings, which can then serve as a 
fixed reference point for the subsequent theoretical analysis. 


. APPARATUS AND SUBJECTS 


"The apparatus employed in the present study (see Fig. 1) is a modified version 
of the device first described by Culler, Finch, and Girden (4) for use with cats and later 
adapted by Hunter (11) for use with rats. It consists of a circular grill which is 
divided into eight individually electrifiable sections, enclosed by inner and outer walls 
of transparent celluloid (20 inches high). The grill itself is composed of small, radially 
placed, stainless steel rods and is five inches wide, with an internal diameter of 18 inches. 

When a naive animal (rat or guinea pig) is first placed in this type of apparatus 
and current is applied to the particular section of the grill on which it happens to be 
located, it may churn its feet rapidly up and down, leap into the air, or engage in 
other equally futile agitated behavior. Very shortly, however, it is certain to try 
running (which sometimes occurs immediately); and since this behavior carries the 
animal off the charged section of the grill and thereby affords escape from shock, 
only two or three applications of the shock are required to make this reaction prompt 


ditioned stimulus (shock) w 
current, with a standard limitin; 
for rats, 500,000 ohms for gui 


n с hich means going back to a place where punishment 
may have just been received. In the circular grill, on the о 


always move on to à relatively ‘new’ 
punishment than the place it has just 
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complication.that arose in connection with the use of the circular grill in the present 
vestigation was-that occasionally a rat tried to perch on one of the low crosspieces 


Fic. т, Apparatus for the conditioning of a simple locomotor response. 


pletely. When this happened, which was relatively infrequently, the rat was imme- 
diately dislodged by the experimenter.* 

The 18 albino rats (12 males and 6 females) use 
from the Wistar Institute (Experimental Colony Strain. 


months old. They had had no prior experimental use. А 
The 20 guinea pigs.(1o males and 10 females) which were also employed were 


obtained from a local breeder. Little was known concerning them except that they 
were healthy young adults, with no prior laboratory experience. 


d in this investigation were obtained 
) and were approximately six 


PROCEDURE 


Three distinct conditioning procedures were employed in this investigation and 
ith three groups of guinea pigs. 


were carried out first with three groups of rats and then wi ‹ 

The Group-I procedure was ав follows. ‘At the beginning of each experimental 
session, each animal was placed in the apparatus and allowed one minute of habitua- 
tion. The conditioned stimulus, i.e., tone, was then presented for five seconds, at the 
end of which time, if the rat had not moved out of the section in which it was sitting 
tudy here reported, this defect was remedied 
g the whole surface of the grill perfectly flat. 


2 Following the completion of the s 
by removing these separators and makin; 
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at the onset of the tone, shock was administered. On moving to another section cf the 
grill, the rat escaped the shock and the tone was turned off by the experimenter. If, 
on the other hand, when the tone was presented, the rat made the required movement 
within the five-second interval following its onset, the tone was immediately termi- 
nated and no shock was applied Successive tones, or tone-shock combinatior 
presented regularly every бо”. Training lasted for 10 days, each animal receiv 
` conditioning trials (tones or tone-shock combinations) each day. 

The Group-II procedure was exactly the same as the Group-I procedure except 
for the fact that instead of successive tones, or tone-shock combinations, occurring 
regular 6o" intervals, they were presented at three different intervals—1 5”, 6c 


were 
:24 


105"—in a revolving random order. During the course of each daily session of 2 

trials, each of these intervals was used eight times, with the result that the rage 
interval was exactly 60”. The average rate of presentation of stimuli was thus the 
same for Group-I subjects and Group-II subjects; but in the first case the rate of 


Presentation was constant, whereas in the second case it was irregular. 


The Group-III procedure was again exactly like the Group-I procedure save for 


one difference. In the Group-I procedure nothing happened to the subjects during 
the бо” intervals between successive tones or tone-shock combinations. In the 
Group-III procedure, however, these intervals were punctuated by the interpolation 
of shocks every 15” (ie, at 15", 30”, and 45” during each бо” interval). These 
interpolated shocks were of the Same intensity and were escapable in exactly the same 


way (ie. by flight to other sections of the grill) as were those which were paired with 


whereas the Group-III procedure differed from the Group-I procedure only the 


Кеѕ01тѕ 


The results, in terms of rate and amount of conditioning, 
obtained for the three groups of rats used in this investigation 
are represented graphically in Fig. 2. The ten successive 
points comprising each of the three curves show the average 
number of conditioned Tesponses made by the six animals (4 
males and 2 females) in each group during each of the 10 
successive daily training sessions. It will be noted that the 
number of conditioned responses made by Group I is consist- 
ently superior to the number of conditioned responses mani- 

* The practice of omitti, iti i 
having it Mice GE US та рое ME EY 
better conditioning obtained by Culler, Finch, Odes and D Ma (s), i (11), 


and others. However, the termination of the conditioned stimulus upon the occur- 


rence of a conditioned response, instead of permitting it to continue for a fixed interval, 

P a to n been previously described. Exploratory work indicates that this 

method may be superior to the conventional one: iti i 
H E * 

problem is now in Progress. EM einer ar of this 
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fested by either Group ILor Group Ш. The critical ratio of 
the difference between the amount of conditioning obtained in 
Groups I and III is 3.36.4 This means, according to Fisher’s 
(7) ‘table of t’, that the chances are more than 99 in тоо that 


24 


22 


AVERAGE NO. CONDITIONED RESPONSES 


Fic. 2. Amount of locomotor conditioning obtained in three groups of rats in which 
reinforcement (anxiety-reduction) was systematically varied. 


this difference is real (i.e., caused by the conditions of the ex- 
periment). The critical ratio of the difference between the 
amount of conditioning obtained in Groups I and II is 1.63, 
which, in terms of ‘t, means that there are about 85 chances 
in 100 that it is real. The critical ratio of the difference 
between Groups II and III is 1.88, which, again in terms of 
*? means that the chances are 90 in 100 that the difference is 
real. The average number of conditioned responses made by 
the Group-I animals during the entire 10-day training period 
was 200.0, by the Group-II animals 178.7, and by the Group- 
III animals 138.5. р 
The results obtained from the three groups of guinea pigs 
under the same conditions as employed with the three groups 
of rats are presented in Fig. 3. In general pattern, the find- 


‘This value was obtained by taking the total number of conditioned responses 
made by each animal during all 10 training sessions as the basis for computing the 
standard deviation of the distribution (s). This practice of treating an-animal’s 
whole performance as a single ‘test score’ is followed throughout, except as otherwise 
indicated. ý " 
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ings are very similar. In both types of subjects, the Group-I 
procedure gave the best conditioning, the Group-III procedure 
the worst, with the Group-II procedure intermediate. Al- 
though the rate of conditioning was much faster in the rats 


AVERAGE NO. CONDITIONED RESPONSES 


Fic, 3.: Amount of locomotor conditioning obtained in three groups of guinea 


pe ў which reinforcement (anxiety-reduction) was systematically varied (as in 
18. 2). ' 


than in the guinea pigs, the rats and guinea pigs alike showed 
a tendency for the conditioning in Groups I and II eventually 


Statistical analysis indicates that in the case of the guinea 
Pigs the chances'are about 94. in 100 (CR. = 2.21) that the 
difference between Groups I and TII is Teal a 
‘тоо (CR. = 2.02) that the difference between Groups II and 
ПІ is real. "The difference between Groups I and II is, by 
the same criterion, much less reliable (CR. — .67), due to the 


the training period. However, if one takes t 
of these two groups. on the 2d 


nd about 92 in^ 
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is prolonged does not mean that it is not real in the beginning. 
The average number of conditioned responses made by the 
Group-I animals during the entire training period was 137.1, 
by the Group-II animals 116.5, and by the Group-III animals 
64.2.5 
The relatively high ‘£?’ values and the marked similarity 
. in the pattern of the differences obtained between the Group- 
I, Group-II, and Group-III procedures with both rats and 
guinea pigs as subjects seem unequivocally to support the 
conclusion that these differences are significant. 

The activity that subjects manifest during the intervals 
between successive paired presentations of conditioned and а 
unconditioned stimuli has been regarded by most investigators 
as a nuisance, something to be either ignored or designedly 
minimized by whatever means available. In the present 
study this activity has been taken into account and carefully 
recorded, on the assumption that it is related to and, may 
throw light.upon the dynamics of the conditioning process as 
a whole. Figure 4 and Fig. 5 show for rats and guinea pigs, 
respectively, the average number of sections of the circular 
grill traversed per daily training session by the animals in 
Groups I, II, and 1112 Although differing considerably in 
absolute value, the findings for the two types of subjects are 
here again very much alike. In both cases, the Group-III 
animals consistently show the greatest amount of activity, the 
Group-I animals show the ‘next greatest amount, and the 
Group-II animals show the least. The critical ratios of the 
differences between these groups are 3.37 (1-1), 4.41 (II-III), 
and 1.78 (I-III) for the rats and 3.38 (I-II), 9.30 (II-III), 
and 6.88 (I-III) for the guinea pigs. There can thus be little | 
question of the reliability of these differences. 

5 It will be noted that these figures are considerably lower than those obtained 
from the corresponding groups of rats. The superiority of the performance of the 
Jatter type of subjects is further indicated by their lower variability. The rats had 


coefficients of variability of 6.1 (Group 1), 14.9 (Group II), and 21.8 (Group ш), аз 
against 44.3 (Group I), 36.4 (Group П), and 73.3 (Group III) for the guinea pigs. 

6 These averages are based upon all the activity manifested by each animal during 
the experimental session, including not only the ‘spontaneous? locomotion that oc- 
curred between trials but also the responses resulting direċtly from application of the 
conditioned and unconditioned stimuli. : 2 
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With the hope of securing an additional basis on which to 
compare the amount of conditioning obtained in both rats and 
guinea pigs by the three procedures here employed, all sub- 
jects were submitted, on the day following the completion of 
the 10-day training period, to a standard 24-trial extinction 
series. Each animal was put into the apparatus, habituated 
as usual, and then presented with 24 tones at regular one- 
minute intervals. If, within five seconds after the onset of 
tone, an animal moved to another section of the grill, the tone 
was promptly turned off and a conditioned response recorded; 
if the animal did not move, the tone was left on for the full 
five-second period and then turned off, with no shock in either 
case. Figure 6 shows the extinction curves for the three 
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Fic.6. Extinction of a conditioned locomotor response in rats. 


groups of rats, and Fig. 7 shows the corresponding curves for 
the three groups of guinea pigs. In general, they tell much 
the same story as do the acquisition curves (Fig. 2 andFig.3). ИШ 
Resistance to extinction is markedly greater in both the 
Group-I and Group-II animals than in the Group-III animals. 

+ In the case of the rats, the resistance of the Group-I animals 
seems to be slightly greater than that of the Group-II animals; 
but in the case of the guinea pigs this relationship is reversed... 
No attempt has been made to determine the statistical reli- 


ability of these differences. 
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Fic. 7. Extinction of a conditioned locomotor response in guinea pigs. 


The total locomotor activity manifested during the ex- 
tinction trials by both rats and guinea pigs is shown, respec- 
tively, in Fig. 8 and Fig. 9. Неге some marked dissimilarities 

» are evident. Although the Group-II animals hold the inter- 
. . mediate position in both cases, the Group-I and Group-II 
«curves are exactly reversed. The Group-III rats continue to 
show the greatest activity during extinction, as they did dur- 
ing acquisition; but the Group-III guinea pigs show the least 
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Fic. 9. Average amount of total locomotor activity manifested per trial during # 
extinction of a conditioned locomotor response in guinea pigs (compare Fig. 8). 


activity during extinction, instead of most as they did during 


acquisition. Still other differences are to be noted, which will _ — 


be discussed later. : 
Discussion 

Evidence which has been presented elsewhere (15) indi- 
cates that when a stimulus is recurrently presented to an 
organism at regular temporal intervals, expectation of (рге-. 
paredness for) this stimulus mounts as the time approaches 
for its presentation, suddenly drops when the expected stim- 
ulus occurs (and is reacted to), then begins to mount again, 
and so on. When this phenomenon of expectancy, or pre- 
paratory set, is sufficiently highly developed to be *uncomfort- 
able,’ i.e., takes on motivational properties in its own right, 
its reduction should, on the basis of the hypothesis stated at 
the outset of this paper, provide a ‘satisfying state of affairs" 
and thereby ‘reinforce’ accompanying behavior. As a cor- 
ollary of this proposition, it is to be supposed that, within — 
limits, the greater the extent of such a drop in preparatory 
tension (dread, anxiety) at any given point in time, the greater 
its reinforcing, or learning-producing, potentialities. ; 

Again on the basis of evidence reported in the study cited; 
in the preceding paragraph, it is clear that if a stimulus is: 
presented at irregular intervals, the drop in preparatory ten- 
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sion that occurs immediately thereafter is less than if the 
stimulus occurs at a standard, unvarying rate. It is conse- 
quently to be inferred from this observation that if the 
hypothesis under investigation here—namely, that reduction 
in preparatory tension, or anxiety, is a reinforcing state of 
affairs—is correct, better learning should occur in a situation 
involving regular presentation of stimuli than in a situation 
involving irregular presentation. The superiority of the con- 
ditioning manifested by the Group-I animals in the present 
study (regular presentation of stimuli) over the conditioning 
manifested by the Group-II animals (irregular presentation of 
stimuli) confirms this inference.” : 

Although these results are consistent with the stated hy- 


"pothesis, the possibility immediately suggests itself of explain- 


Whereas, with irregular intervals bet. 


ing them in another way. Pavlov (17) and other investigators 
have shown that conditioned responses can be established on 
the basis of the mere passage of time. These so-called ‘trace’ 
conditioned reactions are, as one would intuitively suppose, 
more readily established to a temporal interval that is constant 
than to one that is irregular. On the basis of these observa- 


“tions it might be maintained, therefore, that the Group-I 


animals in the present investigation responded more frequently 
to the presentation of tone alone than did the Group-II ani- 
mals solely for the reason that, on the basis of so-called tem- 
poral conditioning, the response in question (running from 
one section of the grill to another) was more nearly ready to 
occur as a ‘trace’ conditioned response at the time the tone 
was presented in the one Broup than in the other. In other 
Words, with regular tempora 
stimulations, the Tesponse in question would be on the verge 
race' conditioned response, and 
Y easy to ‘trip’ by the tone; 
ween successive stimula- 
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tions, the response would be less highly prepared at any 
particular point in time at which the tone happened to occur, 
with the result that the tone would be less effective in eliciting 
the response. If this simple view of the matter were corréct, 
there would be no need to posit differential anxiety-reduction 
to account for the differing amounts of conditioning obtained 
in the Group-I and Group-II animals. 

The procedure employed with the Group-III animals was 
specifically designed to test the soundness of the foregoing 
explanation. It will be recalled that in the case of the Group- 
III subjects, tone (or the tone-shock combination) occurred, 
as in the Group-I procedure, at regular 60’ intervals but that 
shocks were interpolated every 15”. The Group-III animals 
were thus forced to make a response, t.e., move to another 
section of the grill, regularly every 15’, one fourth of the time 
in response to tone (or tone and shock) and three fourths of 
the time in response to shock alone. In view of both the ` 
brevity and the regularity of this 15” interval, temporal con- 
ditioning should, theoretically, have occurred | especially 
quickly; and if the development of conditioned reactions to | 
tone were primarily dependent upon this underlying temporal 
conditioning, then the Group-III animals should have shown 
superior learning. However, this was not the case: the con- 
ditioning obtained in the Group-III animals was decidedly 
inferior.* 

в After this paper was in press, Mr. William D. Orbison called the writer's atten- 
tion to a possible alternative explanation of this finding. Since the interpolated 
shocks could not be circumvented by anything the subjects could do, whatever they 
did just preceding the shocks was necessarily “punish - However, as Brogden, 
Lipman, and Culler have pointed out (The róle of incentive in conditioning. Amer. 
J. Psychol., 1938, 51, 109-117), a shock’ administered to a small animal such as the 
rat or guinea pig from a grill is probably less “punishing” if the animal assumes a - 
preparatory. crouch than if the animal is running at the moment of shock onset. 
"Thus, a recurrent shock which is inescapable tends to be met by immobility; whereas, 
a shock which can be averted by anticipatory running tends to perpetuate this type 
of behavior. In the procedure employed with the Group-III animals in the present 
study, conflict may, therefore, have been generated as follows: whereas the inter- 
polated (inescapable) shocks tended to immobilize the animals, the shock which fol- 
owed the tone only if the animal did not make a conditioned response tended to pro- | 


duce anticipatory running. A glance at the Group-III curves in Fig. 2 and Fig. 3 
suggests that during the early part of the*1o-day experimental period the subjects 
were trying to make an adjustment to the situation by means of the latter type of 
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These results do not, of course, deny the reality of tem- 
poral conditioning, but they do indicate that it alone cannot 
provide a comprehensive explanation of the results obtained 
in the present study. Ор the other hand, the anxiety-reduc- 
tion hypothesis does provide such an explanation. Speaking 
loosely, it may be said that the poorness of the learning ob- 
tained in the Group-II and Group-III animals was due to the 
fact that they were given less opportunity to ‘let down’ be- 
tween trials than were the Group-I animals. In other words, 
they were kept in a more or less chronic state of apprehension 
or suspense. In the Group-II animals this was accomplished 
by ‘keeping them guessing’ as to when each succeeding stim- 


` ulation was to occur. In the Group-III animals, this element 


of uncertainty was presumably absent, but the stimuli came 
in such rapid succession that one stimulus had no more than 
occurred when the next one began to be *expected.'* In 
either case, conditioned reactions to the tone were relatively 


‚ *unrewarding? in that little was gained in the way of anxiety- 


reduction when they occurred; whereas, in the case of the 
Group-I animals each response was followed by a relatively 
long, unvarying period of no stimulation, with correspond- 
ingly great anxiety-reduction. - 

The fact that the Group-II animals showed conditioning 
which, although inferior to that of the Group-I animals, was 
markedly superior to that of the Group-III animals indicates, 


_ behavior; but since this did not prove satisfactory, they soon resorted to the other 


mode of adaptation, namely, anticipatory crouching, 


would tend to support this 
р-Ш guinea pigs showed no 
” explanation of the inferior condi- 


same thing. 
* That the Group-III procedure kept a; 

by the fact that the Group-III 

to jump out of the apparatus, 


pprehension chronically high is indicated . 
rats made repeated efforts to ‘leave the field’ by trying 
This behavior was not quantified but was very striking. 
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presumably, that the Group-II procedure was such as to per- 
mit a degree of anxiety-reduction between trials that was less 
than that permitted by the Group-I procedure but greater 
than the permitted by the Group-III procedure. Direct 
measurement of the respective amounts of anxiety-reduction 
permitted under the conditions of the three procedures would 
have been a decided advantage, but this did not seem possible. 
Superficially it might appear that the total amount of activity 
displayed by the various groups of animals (Fig. 4 and Fig. 
5) would provide an empirical index of the amount of tension 
they were under. [Itis true that the Group-IIT animals, which 
were conjecturally kept most anxious, showed a uniformly 
higher level of total activity than did the other two groups. 
However, it is impossible to say to what extent this greater 
activity was due to anxiety and to what extent it represented 
responses made directly to the numerous interpolated shocks. 
More meaningful perhaps is the fact that the Group-I animals 
showed a consistently higher level of total activity than did 
the Group-II animals. ‘Two alternative interpretations of 
this difference are possible. It can be assumed, on the one 
hand, that greater activity represents greater anxiety and that. 
the Group-I animals were consequently more anxious} or it 
‚ сап be assumed that greater activity represents a relative 
absence of anxiety, in which event the Group-I animals would 
be viewed as less anxious. Observations made on rats and 
guinea pigs in other experimentally produced danger situa- 
tions suggest that the latter supposition may be the more 
valid one. However, additional experimentation, aimed spe- 
cifically at this problem, will be necessary before a completely 
reliable decision can be reached on this score. ‘ 
Another objection that may be raised to the interpretation | 
of the findings of the present study in terms of differential 
anxiety-reduction-is that anxiety itself is a learned phenom- 
enon and should not therefore be used as a basis for explaining 
further learning. The writer (16) is in full agreement with 
the proposition that anxiety is a learned phenomenon, but it 
‘does not follow from this that it cannot function as a motive 
and its reduction as a reinforcing agent for further learning. 
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Numerous recent studies in the field of motivation have made 
it clear that in man and the lower animals alike, there are 
both innate and derived forms of motivation. The position 
here taken is that anxiety falls into the latter category. Just 
how the cyclic rise and fall of anxiety, or preparatory tension, 
posited above as a condition of recurrent noxious stimulation 
is acquired is an important problem, but its solution does not 
necessarily have to be completed before use can be made of 
the phenomenon itself as an explanation of other findings. 
It is unfortunate that the hypothesis here advanced lacks 
the great simplicity of the associationistic theory of condi- 
^ tioning advocated by Pavlov and his followers. There is, 
' however, no point in venerating a theory because of its sim- 
plicity if it is demonstrably inadequate to account for all the 
relevant facts. Some of the many weaknesses of the view 
that mere paired presentation of stimuli provides the necessary 
conditions for conditioned-response learning have been pre- 
' viously enumerated (14) and need not be repeated here. It 
is, however, instructive to note that under the conditions of 
the present experiment, best conditioning occurred precisely 
in those animals which received fewest paired presentations of 
tone and shock. Since the results presented in Fig. 2 and 
Fig. 3 are in terms of the average number of conditioned re- 
actions shown by the various groups of animals during the 
course of each daily training session, and since a conditioned 
response is defined as one that occurs to a tone which is not 
followed by shock, it is axiomatic that the animals showing 
the best conditioning must have received the smallest number 
of paired presentations of tone and shock. In view of this 
fact it follows that the goodness of learning in a situation of 
this kind is not determined exclusively or even predominantly 
by the temporal pairing of stimuli but by some other factor. 
The assumption here made is that this other factor is the pres- 
ence or absence of a reinforcing state of affairs as defined by 
the law of effect. The temporal contiguity of stimuli seems 
important only from the point of view of determining what 
stimuli will become functionally connected with what re-' 


sponses; it presumably does not determine whether such con- 
nections will or will not occur. ў 
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Two other implications are to be briefly noted. It is well 
established that human beings memorize verbal material more 
efficiently with distributed practice than with massed practice. 
Without attempting to evaluate or compare the virtues of 
other theories which have been advanced to account for this 
phenomenon, it is worth observing that a possible explanation 
follows fairly directly from the foregoing discussion. In the 
learning of verbal material, motivation is ordinarily supplied, 
not by primary motives such as hunger or thirst, but by some 
form of tension or mild anxiety (anticipation of being ridiculed 
for poor performance, being called stupid, or the like). Rein- 
forcement may be assumed to occur when the subject re- 
produces a correct item and is permitted to know that it is 
correct. Let this state of affairs be thought of as involving 
tension-reduction. However, each successive task that is set 
the subject involves the possibility of failure, t.e., arouses new 
tension, and the more rapid the rate at which these tasks are 
presented, the less the tension will drop after each correct | 
response. Parents soon learn the wisdom of spacing their 
demands upon small children for acquiring new responses. 
Each demand for learning produces an increased tension (re- 
newed anticipation of failure, punishment, etc.), and if such 
demands come in too rapid succession, tension will remain 
chronically so high that the proper tension-reduction (suc- 
cess?) cannot be experienced after a good performance to in- 
sure its fixation. Laboratory, evidence in support of this 
theory as to why distributed practice is so much superior to 
massed practice in certain types of learning situations will be 
discussed in a later report. j 4 

The other implication of the present findings that seems 
noteworthy bears upon some experimental results reported by 
Calvin (3). This investigator found that human subjects 
show better eyelid conditioning when an irregular temporal 
interval is allowed between successive paired presentations of 
the conditioned and unconditioned stimulus than when a 
regular interval is employed. In a previous publication (15), 
the present writer has suggested that this finding may be due 
to the fact that human beings tend to develop a ‘negative 
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attitude’ іп most conditioning situations and that the more 
precisely they can judge when a conditioned stimulus is going . 
to occur, the more effectively they can guard against the oc- 
currence of a conditioned response. In the same study it was 
also conjectured that since the complex social factors that are 
presumably responsible for the development of negative atti- 
tudes on the part of human subjects in conditioning situations 
are not operative in animals, the latter should show better 
rather than poorer conditioning when the rate of stimulus 
presentation is regular. The results of the present investiga- 
tion support this hypothesis. 

Before concluding this paper it is perhaps worth calling 
attention to the fact that the curves for conditioning (Fig. 2 
and Fig. 3) and those for total activity follow divergent 
Courses. Whereas the former present a general pattern of 
increment, the latter show more orless decrement. The con- 
ditioning process is thus to be seen as one of progressive 
differentiation and specification of response. In describing 
the development of a conditioned paw-retraction response in 
dogs, Culler, Finch, Girden, and Brogden (5) say: 


Although it is evident that the process of individuation 
was to some extent involved in the conditioning of the loco- 
motor response investigated in the present study, it was much 
less pronounced than in the situation just described. This 
fact probably accounts in large measure for the relatively 
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present writer'has found in unpublished work that it is cor- 
respondingly hard to condition a type of pedal-pressing re- 
sponse which has been described elsewhere (13). If a general- 
ization is here warranted it would seem to be that the more a 
conditioned response is permitted to resemble the response 
initially made to the unconditioned stimulus, the more rapidly 
conditioning proceeds. There seems also to be a rather nice 
correlation between the phylogenetic position of an organism 
and the extent to which conditioned responses can be made to 
differ from their unconditioned prototypes. Man undoubt- 
edly stands at the top of this scale. Whereas the conditioned 
responses which lower animals learn to make to signals of 
danger are, for example, usually not very different from those 
which they would make if the signified trauma were actually 
present, man, on the other hand, is readily capable of acquiring 
responses to danger signals that differ drastically from the 
behavior which would be manifested in the face of the danger 
itself. This difference is, however, apparently one of degree * 
and is in no sense absolute. : i 


SuMMARY 


The primary purpose of the present study was to test the 
hypothesis that anxiety-reduction acts as a reinforcing state 


of affairs (as defined by the law of effect). To this end three 


experimental procedures, designed to provide three different 
degrees of anxiety-reduction, were carried out, with both rats 
and guinea pigs as subjects. The results indicate that anx- 
iety-reduction is positively correlated with learning, thereby 
supporting the supposition that it is a reinforcing agent. 
Various implications of this finding are discussed and con- 
trasted with alternative interpretations suggested by the con- 
ditioned-reflex (associationistic) conception of the learning 
process. The latter is found deficient because of its emphasis 
upon: the importance of mere temporal contiguity (paired 
presentation) of stimuli and its neglect of the factors of mo- - 
tivation and motivation-reduction. ) i 


(Manuscript received May 28, 1940) 
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AN ATTEMPT TO CONDITION THE 
PUPILLARY RESPONSE 


BY C. H. WEDELL, F. V. TAYLOR AND A. SKOLNICK 
Princeton University 


This paper describes an attempt to condition the pupillary 
response to.an auditory stimulus. Conditioning of the pupil 
is not new. It was reported as early as 1916 by Watson (10). 
In spite of the many experiments which have been performed 
since then (т, 2, 4, 6, 7, 8, 9), there is no clear understanding 
of the necessary and sufficient conditions for the production 
of this conditioned response. In fact, there is considerable 
disagreement as to whether the pupil can be conditioned at 
all (8, 9). In view of the contradictory findings in this field, 
the recently published experimental results of Baker (1) and 
Metzner and Baker (7) are startling in their implications. 
Not only do they report conditioning of the pupillary response 
but also they claim that conditioning was established in two 
trials provided the auditory stimulus was below the ‘conscious 
limen? (т, p. 13). Baker presents evidence to show that if 
the auditory stimulus is below this limen, a conditioned re- 
sponse of the ‘disturbance’ type can be shown to exist at the | 
second simultaneous presentation of light and tone, and the 
‘final form? response appears at the third trial. This final 
form response is very stable and very specific. He also states 
that if the auditory stimulus is supraliminal, a much longer 
series of paired presentations (from 29 to 105 trials) is neces- 
sary to obtain the CR. ; 

These results seemed important enough for the theory of 
conditioning to warrant a repetition of the experiment. The 
results of this repetition are reported in the following pages. 


APPARATUS 


The apparatus (Fig. 1) consisted of three parts: the pupillometer, the recording 
device, and the stimulating instruments. The pupillometer was a modification of 
similar devices described by Baker (x), and Ferree and Rand (3), and utilized the 
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Principle of the transparent mirror. A telescope was directed upon the eye of the 
subject. The objective of the telescope was 50 cm from the subject’s eye and the 
telescope had a magnification of about 6 diameters at this distance. Between the 
subject's eye and the lens of the telescope was interposed a transparent piece of glass 
at an angle of 45 degrees to the axis of the scope. This glass reflected the image of two 
black threads, These threads thus appeared to be Superimposed upon the pupil of the 


d (Es) through the opening in the screen (A), the transparent mirror (TM) and the 
telescope (T) to the experimenter's eye (Ee). The distance between the pupillometer 


шү ADM by turning the pupillometer knob (PK) which in turn actuates 
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held in the position of the eye of the subject. It is realized that this measurement 
was probably not very accurate but it is believed to be accurate enough for the purpose 
of the experiment. 

Two auditory stimuli were used as conditioning stimuli, With some subjects a 
tone of 1024 cycles was employed, and with others the noise from a buzzer. The tone 


— 
ПЕНИН 


F:c.2. Photograph of apparatus. See Fig. 1 for interpretation. 


‘ometer and passed through an attenuator 


was generated by a Western Electric 2A audi 
dina 4 sofonedeécibel. The buzzer was 


which made it possible tó control the intensity in step: : 
a small commercial instrument, emitting-a noise of predominantly low. frequency, 
whose: intensity-was controlled by the same attenuator: Whichever o Me 
used, it was delivered to tlie subject through а headphone: The tone was use = 
the first sever subjects. Later, it was learned that the Seashore audiometer w! у 
Baker employed--delivers a noise rather than a tone; therefore a buzzer was use 
instead of the 1024 cycle tone with the-la: t four subjects: TT У e 
"The-sübject and-one of the two experimenters: sat at opposite-sides of a table in a 
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soundproof room. Directly in front of the subject was a large, black cardboard screen. 
Covering an opening in the center of the lower half of the screen was a piece of opal 
glass, 22 cm by 32 cm in size, behind which was the 60-watt frosted glass light bulb 
which served as the source of the unconditioned stimulus, Just above the opal glass 
was a small opening at the height of the subject’s eyes through which he could see the 
objective of the telescope and a small piece of white cardboard with a black dot in 
the center of it which served as the fixation point. The fixation point was 19 cm from 
the eye of the subject. This is a rather short fixation distance but was used because 
of the desirability of an exact duplication of Baker’s conditions. The subject’s head 
was immobilized by having him grip a small dowel-stick with the teeth. Because of 
the small opening in the screen and the distribution of light, the experimenter and the 
pupillometer on the other side of the table were only vaguely and incompletely visible 
to the subject. 

A second experimenter operated the stimulating and recording apparatus in an 
adjacent room and controlled the time of onset of all stimuli. He also watched the 
"kymograph and made all necessary records. Communication between the two experi- 
menters was by telephone. 

There was no instrumental noise of any kind in the soundproof room and the 
experimenter operating the pupillometer was ignorant of the time of onset of the 
conditioned stimulus, However, in a few trials toward the latter part of the experi- 


i recording pen swung in an arc, the magnification of 
the change in the size of the pupil varied in amount. At the beginning of the swing 
of the recording pen, I mm increase in diameter of the pupil caused a movement of 
3.5 mm of the recording pen. Midway in the swing of the pen, a 1 mm change in 
pupil size caused the writing point to move 10 mm, and at the other end of the swing 
the Movement of the pen again decreased to 3 mm per 1 mm change in pupillary 
diameter. d These magnifications are not large, but they are large enough so that the 
variations in the size of the Pupil not associated with any observable stimulus-change 
were easily distinguished from the changes caused by the unconditioned stimulus. 


METHOD 


m. Each subject's limen for the auditory stimulus to be employed was obtained 
ore the first session with that. subject. It was desired to use a method of threshold 


determination which would result in a verylowlimen. After some exploration, it was 


a limen that was lower by five or ten decibels 


thod of limits. The method consisted of first 
obtaining the threshold roughly by the method of limits. Then, beginning about five 


enter set the tone-switch either on or off and 
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auditory stimulus lasted 19 seconds. During the last ten seconds both stimuli were 
present. The interval between trials was varied between Io and 30 seconds, Since 
the pupil quickly became so variable that changes due to the light were almost indis- 
tinguishable from the continual oscillations in size, it was found necessary to give the 
subject a rest between every three or four trials. The rest periods varied in length 
from 2 to 5 min. depending upon the desires of the subject. Я 

The general procedure was as follows. At the first trial of the first session, the 
auditory stimulus was set at threshold or below threshold intensity (with the exception 
of subject We). After four to ten simultaneous presentations of light and sound, the 
sound was increased in intensity by two decibels, and further trials were given. This 
process was continued until the tone was well above threshold, It was felt that if 
conditioning were to appear in one or two trials at or near the threshold as claimed by 
Baker, the above procedure would afford the best conditions for its appearance at the 
most effective intensity. 

It might be well at this point to summarize and compare our apparatus and method 
with that of Baker. In the first place, the levels of illumination at the eye of the 
subject were the same as those used by Baker. The stimulation times were the same, 
and so was the fixation distance. The auditory stimulus (CS) was delivered to the 
subject through headphones as was Baker's but the stimulus itself was an improvement 
over his, in that it was produced by a standard instrument and its intensity is defined 
in decibels so that it can be easily reproduced. The methods of measuring and record- 
ing changes in pupillary diameter are essentially the same although we state clearly 


the magnifying power of our recording system, which Baker does not do. The general 
ovement over that of Baker because all 


disposition of our apparatus: was an impr 
apparatus which made any operating noise was located outside the soundproof room. 


All of Baker's apparatus was in one room and there was evidently considerable noise. 
from his clock, time markers, audiometer motor, etc. In fact he states (1, p. 15) that 
even the supraliminal intensities used were not. greatas“. . . attested by the fact that 
some S's had initial difficulty in discriminating out this sound [of the CS]as compared 
with the low hum of the audiometer motor and the click of the Harvard clock.” Fi- 
nally, it should be stated that our method of limen determination did differ from that 
of Baker. However, since the intensity of the CS which we used ranged from a sound 
that was definitely below threshold to one that was definitely above, and since eight 
or more trials were given at each intensity level, this difference in method cannot 
account for the difference between our results and Baker's. 3 

Thus Baker's method was duplicated as far as possible with every subject except 
‘We.’ (No liminal nor subliminal tones were used with this subject.) However, not 
only were liminal or near-liminal auditory intensities used, but also various supra- 


liminal intensities, in an attempt to obtain some conditioned responses. Consequently 
and the number of test trials 


the number of trials at each level of intensity of the cs, t 
(sound without light) were varied from subject to subject. The number of test trials per 
subject was not great because we were looking for an anticipatory rather than a 
simultaneous CR. 1 
Rather than discuss in detail the program 
have been summarized in Table т. The successive columns о tabk 1 
letters designating the subject; 2. The direction of conditioning (dilation or constric- 
tion), and the conditioned stimulus (buzzer or 1024 cycle tone); 3. ‘The number of the 
experimental session; 4. The interval between any Reino and the preceding session 
in days; 5. The intensity of the conditioned stimulus in decibels above or below the 
threshold at the beginning of the session; 6. The same at 


for each subject the pertinent facts 
lumns of the table show: 1. The 


the end of the session; 7. The 
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number of combinations of CS and UCS at each session; 8. The number of rest periods 
in each session; 9. The number of test trials (CS without UCS); and 10. The number 
of responses which might be considered to be conditioned responses (quasi CR's). 
"This last column is discussed in detail later. Table 2 is a recapitulation of Table 1 
with the addition of a last column in which the number of quasi CR’s is represented 
as a percent. of the total number of trials for each subject. 


TABLE 1 
Summary оғ THE TREATMENT ОР EAcH SUBJECT IN THE EXPERIMENTAL GROUP 


Intensity of C: 


Interval Number 
Sub- Direction of 
ct соно sion ы дан 
"s 
Al | Dilation I 8 5 
1024 cycles 2 1 4 o 
Wi | Dilation 1 2 “о 3 
1024 cycles | 2 H 8 o 5 
La | Dilation I 3 o 2 
1024 cycles | 2| І 2 o o 
3 1 4 o 8 
dolebat 4 o 3 
Bile ee 5 o 2 
2 4 o 10 
1 d 2 o 2 
8] 18 2 o 2 
Fr |Constriction| 1 
1024 cycles 2 I H 8 A 
cin | Bays 3 o 2 
4 I 3 o o 
2 x 4 o I 
e 3 o 2 
T es 3 o 1 
E 2 o 5 
EA m: 2 o 1 
10 4 4 5 = 
п І 4 E 1 
12| 17 4 é 2 
13] Тї $ E 3 
We | Constriction | 1 
1024 cycles | 2 1 d 5 B 
Du | Constriction | т 3 i 
1024 cycles | 2 2 H 7 à 5 é 
| 3 I 7 7 7 5 5 
* E 7 7 12 o 4 
2 5 7 7 8 H 8 
34 7 7 3 o o 
M р 7 7 7 o п 
E n 17 17 6 o 4 
N STE 17 17 2 о І 


conditioning, some observations on 
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TABLE 1—Continued 


Direction of Interval 
Sub- : Ses- | betwee! 
ject | Conditioning | Sion | Sessions cee} оюн 
| Trials | CR's 
Ru | Constriction| 1 I o 2 
1024 cycles 2 4 o 4 
3 4 o 4 
n 4 o 2 
Co | Dilation I 7 o 2 
buzzer 2 7 I І 
3 7 o 2 
4 7 о о 
5 7 3 5 
6 7 I o 
7 7 2 о 
8 10 o 1 
Br | Dilation I 5 o о 
buzzer 2 6 о 2 
3 7 o o 
4 7 2 ° 
$ 7 о о 
6 7 I ° 
7 I 1 
И 10 1 I 
Wa | Constriction| 1 5 o 5 
buzzer 2 4 o 1 
3 cine 1 
.Ot | Constriction| 1 5 9 if 
buzzer 2 5 g 2 
3 51150, 5 


It is not possible to determine from Table 1 exactly how many trials each subject 
had at each intensity of tone, but it is possible to do so with a small error by making 
use of the fact that the tone was usually increased in intensity in steps of two decibels. 
For example, Table 1 shows that subject Ot had 24 trials at the first session. At the 
beginning of the session the tone was 5 db below threshold, while at the end it was 1 db 
below the limen. The intensities used must therefore have been 5, 3, and 1 db below 
threshold with 8 trials at each intensity. 

There were 11 subjectsinall. "Three were mem! с 
students, and three were naive subjects who showed by their reactions that they 
remained ignorant of the purpose of the experiment until it was over and had been 
explained to them. 7 


RESULTS 


Behavior of the Pupil. —Before discussing the evidence for 


” 
а L 


bers of the staff, five were graduate 


the general behavior of . 
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the pupil seem worth mentioning. Measurements were made 
of the maximum response of the pupil to the unconditioned 
stimulus during the first five and the last five trials of each 
session for each subject. The average maximum constriction 
for six subjects was 3.0mm. For the five subjects trained in 
the direction of dilation, the average maximum dilation was 
2.3mm. The largest single response to the UCS was 5.1 mm 
by subject Co, and the smallest was .8 mmi by subject Br. 
_ These values are much smaller than those reported by Baker 
(т, p. 12). He reports an average maximum response of over 
6 mm. Our curves of the pupillary response (see Fig. 3) 
showed the typical differences between dilation and constric- 
‘tion. Constriction is very fast and takes place in less than a 
second. It is difficult to follow with the pupillometer. Dila- 
tion, on the other hand, is slow enough so that it is easy to 
follow, and it has seldom reached its maximum in the ten 
seconds during which the unconditioned stimulus is acting, 
These results are in agreement with the statements in the 
physiological literature that constriction is roughly 60 times 
as fast as dilation. 

It must be remembered that the pupil is rarely quiet even 
when the light is constant, although the pupils of some sub- 
jects are very constant while others are not. At the begin- 
ning of each session the record of most subjects is characterized 
by many spontaneous oscillations in pupil size. With con- 
tinued fixation and stimulation, the oscillations become greater 
and greater until they almost obscure the changes due to the 
light, and would most certainly obscure the conditioned re- 
sponse if it were present. Therefore it is necessary to give 
frequent rest periods as mentioned above. 

Evidence for Conditioning.—It was immediately evident 
from a casual inspection of the records, that there was no 
unequivocal evidence for conditioning. By unequivocal evi- 
dence Is meant an anticipatory response that persists for sev- 
eral trials, and is distinguishable from the above-mentioned 
normal oscillations in pupil size. 


1 Comparison of our values with 
shows that Baker has made an 
` values he gives should be divided by two. 


T 
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Although there were no responses like the UCR and at the 
same time unlike the normal oscillations in pupil size, never- 
theless there were many responses occurring during the nine- 
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Fic. 3. Three sample records. A downward movement of the recording pen 
indicates constriction while an upward movement indicates dilation of ipid d 
time-line which would normally appear at the top of each record has eleted. 


See text for discussion of these records. 

was present. Should these 
What criteria can be used 
esponses? Examination of. ` 
that no single criterion can 


second period when only the CS 
be called conditioned responses? 
to distinguish the CR from other г 
the experimental literature shows 
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beused. The latency of the CR is not the same as the latency 
of the UCR. The amplitudes of the CR and UCR are almost 
never the same. Finally, and most important, the form of 
the CR is not necessarily the same as the form of the uncondi- 
tioned response. In fact, according to Hilgard and Marquis 
(8, p. 27) “Апу new or altered response to the conditioned 
stimulus whose occurrence depends upon the repeated double 
stimulation is called a conditioned response.” 

Considering these facts, it was felt best to be on the safe 
side and consider any response Occurring in the interval when 
the CS was operating alone to be a quasi CR, provided it 

| was not obviously a normal fluctuation in pupil size. Conse- 
‘quently, the records were inspected independently by the two 
‘senior authors. Whenever the two agreed that a certain re- 
sponse might be called a conditioned Tesponse, note was made 
of this fact. The last column in Table 1 and the last two col- 
umns in Table 2, show the frequency and distribution of these 


TABLE 2 
RECAPITULATION OF TABLE I 


Total Total Quasi CR's 
Subject | Number of | Total st Test 
T Periods | Trials Total riala 
Al 2 55 12 o 
Wi 2 48 1o o 5 
E 8 159 26 o 18 
БОР 13 209 47 о 10 
We 2 89 16 I 12 
Du 9 264 62 6 16s 
Ru 4 92 13 o 13 
Co 8 200 59 7 é 
Br 8 192 56 5 x 
‘Wa 3 60 12 o 15 
Ot 3 72 15 o 


quasi СК. By designating them as quasi conditioned re- 
sponses, the authors mean to indicate that they do not believe 
they are conditioned Tesponses but cannot prove that other 
experimenters would have the same opinion. It should be 
emphasized that in no case was the amplitude of the response 


' dilation and five for constriction. 


* 
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An inspection of the last column of Table 2 shows that the 
percentages of quasi CR's range from 2 to 18 with a mean of 
12. It may be noted that in some sessions with certain sub- 
jects the number of quasi CR’s is large. For example, Table 
1 shows that in session 6, subject La gave Io responses out of 
a total of 24 trials. Their occurrence in succession would 
certainly be evidence for conditioning even though the re- 
sponse disappeared in subsequent trials. However the great- 
est clustering of these responses was three times in succession 
with four subjects. They appeared twice in groups of three 
each with subject La, and once in clusters of the same size 
with each of two other subjects. In all other instances they 
were scattered throughout the session. Nor did they always 
appear at the beginning of a session nor at the end nor at any 
other constant position in the series. 

Control Experiment.—In spite of the lack of clustering of 
the quasi conditioned responses, their number is considerable. 
Therefore it is necessary to show that the observed frequencies 
are no greater than would be expected by chance and are not 
due to the repeated double stimulation with tone and light. 
In other words, some way must be found to answer the ques- 
tion, with what frequency must a response to a CS occur in 
order to be considered a CR? If it can be shown that the 
frequency of these responses in à control group of subjects 
treated in exactly the same manner as the experimental group 
except that the auditory stimulus is omitted is as great as in 
the experimental group, then the conclusion must be drawn 
that the observed frequency in the experimental group is not 
significant. ae 

Accordingly a control experiment was run using eight sub- 
jects. Three of the eight were subjects who had been used 
in the original experiment, two were graduate students, and 
three were undergraduates who were ignorant of the purpose 
of the experiment. Three of the subjects were trained for 


In the control experiment, conditions were precisely Ко 
same as in the original experiment except that no tone о ij 
auditory stimulus was present. The subjects even PS 
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headphones and were led to believe that there might be a 


subliminal tone present. All eight subjects were given 50 - 


trials distributed between two sessions, usually with 30 trials 
in the first session and 20 in the second. The records were 
again inspected independently by the two senior authors. 
The method of inspection was to observe carefully the be- 
havior of the pupil during the nine second interval previous 
to the change in light intensity (when the tone would have 
been present) and to note any responses which would have 
been called conditioned responses in the original experiment. 
If both agreed on a response, it was called a quasi CR. 


An inspection of the records shown in F ig. 3 will illustrate ' 


most of the problems involved in determining whether a CR 
is present and will give a clue as to the character of the re- 
sponses which were called quasi CR's. Portions of the records 
of three subjects are shown. The record of subject Du shows 
a quasi CR in trial 3 as noted in the Figure. There are also 
responses in trials 2 and 4 which some experimenters might 
have considered conditioned responses. Тһе middle record in 
Fig. 3 is from subject La. A quasi CR is shown in trial 5. 
Notice that although this response was judged to be a possible 
or quasi CR, it is scarcely larger in magnitude and not essen- 
tially different in form from oscillations in pupil size occurring 
during the time when the tone alone Was present in the two 
preceding trials, з and 4. The bottom record in Fig. 3 differs 
from the two above in that no tone was present. It is a 
sample record from subject Ot during the control experiment 
when no C$ was present although the tone-pen was operating 
as usual. Here again a quasi CR is shown in trial 2. The 
l absolute amplitude of this quasi CR is small, but relative to 
the size of the UCR, it is as large as those in the above two 
records. In other words, a constriction of the pupil occurred 
Which would have been called a quasi CR had the tone been 

present. 
In terms of percent of total trials, 


CR’s in the control group were found to be just about the same 


as in the experimental group. The percentages are: 4, 8, 10, 


12, 14, 14, 16, and 20. The three subjects who were used in 


the frequencies of quasi 
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‘both experiments were Du, Ot and Wa. In the control ex- 
periment they gave the following percentages of quasi CR’s: 
14, 16 and 8. The corresponding percentages in the original 
training situation were 16, 13, and 15 as can be seen in Table 
2. Considering the small number of subjects, the agreement 
between the experimental and control situation is remarkably ' 
good. The results obtained in the control experiment show 
clearly that the responses obtained from the first group can- 
not be considered to be due to the combined presentation of 
tone and light. They are not conditioned responses to the 
tone. However, there is another possibility. What we have 
called quasi conditioned responses may be due to a kind of 
temporal conditioning. It may be that the subjects in both 
the control and experimental groups learned to expect the 
light within a certain variable interval. In any given trial, 
expectation of the UCS might cause a change in pupil size. 
However, since the quasi responses looked exactly like the 
spontaneous pupillary changes, and since the subjects were 
not apprehensive of the change in light intensity, the prob- 
ability of temporal conditioning seems very slight indeed. 
Furthermore, the question of temporal conditioning as the 
explanation of the results in both experimental and control 
groups is not within the scope of this paper: 


Discussion 


Two conclusions are drawn by Baker which are important 
for the theory of conditioning. The first (т, p. 31) is that 
conditioning to subliminal auditory stimuli can be established 
in two trials. The second is that conditioning to subliminal 
auditory stimuli is more easily established than to supra- 
liminal stimuli. These conclusions are not supported by the 
present experiment. Conditioned pupillary responses to light 
were not obtained under any, conditions much less in one or 
two trials even though many levels of auditory intensity both 
above and below the limen were employed. | 

It may be objected that since the present experiment is 


entirely negative, the possibility that such conditioning as 


Baker’s may take place under certain conditions has not been 


“2 


* 
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eliminated. This is true. What the present experiment does* 
show is that a thoroughgoing duplication of the conditions of 
Baker’s experiment was entirely unsuccessful in producing his 

results. The conclusion must be drawn that the conditions 

stated by Baker may be necessary but they are not sufficient. 

Some other factors, as yet undetermined, must be important 

in controlling the formation of the conditioned pupillary 

response. 

Finally, there are some suggestions which may be of in- 
terest to others. The first is that subjects should be selected 
with a view to making it as easy as possible to determine 
whether conditioning has taken place. The subjects should 
have light-colored irises so that the boundary of the pupil is 
clearly defined. They should also have pupils which remain 


relatively constant in size with constant experimental condi- 
tions, and yet show a large variation in pupil size in response 
to a change in the intensity of the unconditioned stimulus, 
Some subjects have pupils which show remarkably little vari- 


ation in pupil size even with great variations in the intensity 
of the light. 


A second considerati 


| 1 on which seems important is that the 
stimulus times were too 


long. Since the conditioned stimulus 
` lasted 19 seconds, the subjects became fatigued, and the whole 
experiment was unduly attenuated. Thirdly, the fixation 
point was too near the subject. Seven and one-half inches is 
not a comfortable fixation distance. Lastly instead of main- 
taining the time between trials within certain limits (between 
Io and 30 seconds in this experiment), it would seem favorable 
, to an easy analysis of the records to stimulate at any time 


when the Pupil is quiet, and to wait until the pupil is quiet 
before stimulating, 


age to condition the change in size of 
changes in the intensity of light to a 
Many subliminal 


. 


4 


ATTEMPT TO CONDITION THE PUPILLARY RESPONSE 531 


“experimenter were duplicated as far as possible. It is pointed 

out that these conditions were not ideal for the establishment 
of a conditioned response, and that the failure means that 
some unreported or unknown factors must have contributed 
to the success of the previous attempt. 


(Manuscript received June 17, 1940) 
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RETROACTIVE AND PROACTIVE INHIBITION 
IN IMMEDIATE MEMORY * 


BY W. B. PILLSBURY AND ANNE SYLVESTER 


The investigation was undertaken to determine whether 
retroactive inhibition could be detected after one repetition of 
items and immediately after the presentation. The great 
mass of earlier work deals only with material learned to one 
perfect repetition and is tested after several hours or a day. 
We gave but one repetition and tested retention after ten 
seconds, which was just sufficient for the work that was to 
produce retroaction. Later we compared the effect of pro- 
action with retroaction by asking the observers to observe 
series of the same kind of material and be tested for it, just 
before seeing the experimental series. 

Two methods of presentation were used. In the first 
series the items were presented by a tachistoscope, eight at 

ап exposure. In the other series six items were used and they 

Were presented serially by a modified Spindler and Hoyer. 
memory apparatus. The items presented were geometrical 
figures, three letter words, and nonsense syllables. The geo- 
metrical figures were squares, triangles, circles and crosses and 
the test was to give the order in which they were arranged. 
The observer sat at a table about two feet in front of the 
tachistoscope or the memory apparatus. Before him was a 
sheet of paper, tuled with as many lines as there were experi- 
ments. This sheet was covered by another which could be 
moved down to expose one line of the problem sheet at a time. 
If the experiment was a control, the line was blank. When 
work was to be done the task was given on the line. Arith- 
metic problems were given and questions were asked with a 
space left for the answer. 

As the'exposure was made'on the tachistoscope, the sheet 


* This investigation was aided by grants from the Horace H. Rackham and 


Faculty Research Funds of the University of Michi, i ional 
Youth Administration. a TQ a de rs 
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was drawn down to expose one line. If it were a retroaction 
experiment, the observer began at once to write the answer 
to the problem and continued for ten seconds when the signal 
to stop was given. Не then wrote what he had seen. In the 
control experiments, as was said above, he waited ten seconds 
and then wrote what he had seen. ; 


ТАВГЕ 1 


Words Geom. Fig. 
Written No 
Retro. Retro. 


Geom. Fig, | Geom. Fig. 
Ап. ^ | Written 
Retro. Retro, 


2.20 
1.52 
62 


The results are shown in Table I. The first column gives 
the number of words that could be reported when presentation 


was followed by'a rest. The total number shown in each case 
was eight. The second column gives the number of items that 
were recalled when arithmetic problems were solved immedi- 


o ately after the exposure. In the third column are given the 


numbers that could be recalled after answering questions for 
re the same results 


ten seconds. In the last three columns a 


" 
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* when the material is geometrical figures, the fourth gives the 


values when the presentation is followed by a rest, the fifth 
when followed by arithmetical problems and the sixth when 
followed by answering questions. It will be seen that the de- 
crease in the number of items reported when exposure is fol- 
lowed by work as compared with the times when it is followed 
by a rest is great in each case. For some observers the num- 

_ ber reported is decreased by nearly 50 percent, in all but one 
by 10 percent or more. Observer F., for whom the decrease 
is least, paid little attention to the tasks and accomplished 
less than the others. K. frequently finished all tasks in the 
ten seconds and was most affected. The standard deviations 
are large, sometimes larger than the differences. Neverthe- 
less the consistency of the results for all of the individual 
observers gives them significance. In no one of the six ob- 
servers is the number of items reported larger after work than 
after rest. It may be noted that the standard deviations are 
also larger after work than after rest. 

Ina second series of experiments the same kind of material 
was exposed serially with the memory apparatus. The sep- 
arate items were printed on slips of paper and exposed for a 
quarter of a second each: The six items of each series re- 
quired three seconds for the Showing. The method used in 
the first series for introducing work and recording the results 
was used again here; A slight rest was introduced between 
the series. After the fifth series in this experiment we meas- 
ured the times required for the response. A stop watch meas- 


|, ured the time taken from giving the experiment to the cessa- 


tion of writing the report. The results, including the times, 
are given in Table IT. 


It will be seen that the results in this series are very similar 
to those of the first experiment. 
test on all of the nine subjects markedly reduces the number 
of items reported. The one exception, J. for geometrical fig- 
ures, shows a marked increase in the time of response. On 
the whole the increase in time is quite as regular as was the 
decrease in the number of items reported for the series in 
which presentation was followed by work. The number of 


With a single exception each. 
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TABLE II 


MEE Mp 
АН, Written 
‚ | Retro. | Retro. ' 
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nonsense syllables reported was considerably smaller than the _ 
number of short words or geometrical figures.  Retroaction 
showed a greater effect also when nonsense syllables were to 
be recalled. Again solving general problems produced a 
greater decrease in the number of items recalled than did the 
arithmetical problems. 

While both types of work in these two experiments were 
different from the items to be recalled, the decrease in number 
retained for ten seconds amounted to from about 10 percent 
to 70 percent of the number retained when the ten seconds 
was spent in rest. Neither form of work performed in this 
series had any resemblance to remembering and the items in- 
volved in the work were not similar to the items remembered. 

This left open the question as to whether retroactive inhi- 
bition was dependent at all upon associative inhibition or the 
confusion of items remembered in the test series with items in 
the retroaction series. To test this hypothesis a third experi- 
ment was carried out in which the work done to produce the 
retroaction was in each case learning nonsense syllables, while 
the original material included geometrical figures, short words, 

_ and nonsense syllables as before. After the presentation of 

the list of items that were to be recalled, the experimenter 

`- read the observer а list of six nonsense syllables and he was 

asked to write as many of them as he could remember. At 

the end of ten seconds he was asked to write as many of the 

original series as he could remember. Seven series of each 

type of material was shown at each test. Four of these series 

‚ were followed by learning nonsense syllables and three of each 
- were followed by a rest. 

The results are shown in Table III. 'The retroactive 
effects of learning nonsense syllables are much greater than 
of solving arithmetical problems or of answering general ques- 

' tions. It is shown both by the smaller number of items re- 
called and by the longer times taken for the recall. Report- 
ing on nonsense syllables reduced least the number of geo- 
metrical figures recalled, most a series of other nonsense 


syllables, while the effect upon the retention of short words 
was intermediate. f 


Е 
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TABLE III 
Geom. Fig. „Fi Words 
o Non. Syl No 
Retro. : tro, 
449 240 5.36 
1.31 1.51 89 
5.20 6.00 7-60 
1.67 1.70 1.86 
30 40 30 
4.40 3.00 437 
1.22 136 1.02 
5.26 ‚+72 6.33 
5 1.22 1.08 1.30 
М.с 27 36 27 
M т. 

Pan. eod 3.75 1.86 3.56 
Ей» АСУ у 1.83 1.27 os 
M. Time 9.44 15.31 15.63 
S.D: J kes 3.50 3.79 4.50 
М.Ж АШ 35 35° 35 
M R. 

ean: 4.66 1.07 5.17 
S.D. 1.65 1.22 80 
M. Time 8.33 16.94 15.00 

3-75 447 649 
NB ME 35 35 35 
2.87 5.26 
1.75 98 
22.7$ 15.86 
7.58 5.95 
40 30 
3.29 4.00 
1.89 1.16 
9.35 11.00 
1.76 2.43 
40 3o 
3.64 5-79 
143 
16.25 10.80 
4.90 3.12 
40 30 


Since this experiment showed that learning nonsense syl- 
han doing work other than 


lables was rather more effective t ў 
learning, it was decided to compare the retroactive effect of : 
learning each: type of material upon the retention. In Ex- 
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periment IV each set of six geometrical figures was followed by 
six other geometrical figures, each set of six words by six other 
words and each set of six nonsense syllables by six other non- 
sense syllables,” The results are given in Table IV. The 


TABLE IV 
=» 
Geom. Fig. , Syl. . Syl. 
Re eee эи ei 

Retro. Retro. Retro. Retro. Retro. Retro. 
438 3.00 443 2.50 3.03 1.15 
1.21 1.95 1.05 1.50 94 1.00 
6.18 9.68 9.07 13.70 9.20 11.90 
143 1.80 1.78 2.33 1.15 2.05 

30 40 30 40 30 40 
3.00 1.43 4.90 96 2.06 25 
1.00 LOI 1.37 1.02 1.08 3 
8.50 11.00 13.20 10,00 13.00 13.60 
145 1.93 1.94 2.70 2.51 2.57 

30 40 30 40 30 40 
3 2 2.07 3.67 1.21 2.26 48 
1.33 -50 94 83 46 
6.43 6.бо 6.80 7.20 8.47 8.30 
2-41 1.47 97 1.37 1.59 1.73 

30 40 30 40 30 40 
425 2.53 4.90 LII 3.00 28 
1.25 1.28 1.04 83 1.18 5o 
9.10 11.70 13.00 20.07 13.10 18.00 
23 3.05 2.91 2.70 2.35 3.88 

3o 40 30 40 30 40 
543 2.37 453 1.84 2.56 E 
ЄЗ 2.07 141 9I 74 48 
2 770 9.28 7-70 797 543 
1-37 1.59 1.94 2.04 1.97 1.31 

3o 40 зо 40 30 40 
430 143 4.60 1.90 2.1 6 
1.58 117 104 1.24 $i 29 
T 79 940 13.20 13.20 11.80 11.25 
51 1.80 1.97 1.83 2.16 2.58 

30 40 30 40 30 40 
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number of items reported when the first repetition is followed 
by rest is given for geometrical figures in column 1, for short 
words in column 3, and for nonsense syllables in column 5. 
Columns 2, 4, 6, give the number reported when the presenta- 
tion is followed by presenting and testing recall for six other 
items of the same sort before the test of the first series is made. 

The observers were not the same as in the third experi- 
ment but were of nearly the same learning ability. A com- 
parison of the results in Tables III and IV offers some indica- 
tion of the relative effect of the same and different types of 
material in disturbing the number of items recalled. In 
Table III, retroaction was due to seeing and reporting on 
nonsense syllables. In Table IV retroaction was due to seeing 
and reporting on material of the same kind as in the first 
series. We averaged the items recalled by the eight indi- 
viduals and determined the percentage reduction when report 
was preceded by learning nonsense syllables over the decrease 
during a rest period. The decrease was greater by 55 percent 
for geometrical figures, by 62 percent for short words and 77 
percent for nonsense syllables. When ‘each type of material 
was followed by a report on another series of the same type the 
increased reductions were 45 percent, 62 percent, and 69 per- 
cent. Since nonsense syllables were followed by nonsense 
syllables in both experiments there would be a significant 
comparison for, two cases only, geometrical figures and short 
words. Reporting on nonsense syllables probably required 
more work than learning short words or geometrical figures. 
At least fewer are reported by each observer in both series of 
tests. Recalling them produces a greater retroactive effect 
than recalling geometrical figures after geometrical figures, 
55 percent against 45 percent. For short words recalling 
other words had exactly the same effect as recalling nonsense 
syllables, 62 percent. On the whole, these results indicate 


that inhibition from similarity of material learned is less im- 


` portant than from the severity of mental preoccupation. In 
ables caused a greater 


one case the report on nonsense syll а : 
reduction in the succeeding report on: geometrical figures than 
did a report on other geometrical figures. For words, the 
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reduction was the same for both. The greater effort in at- 
tempting to recall nonsense syllables more than compensated 
for any increased effect of reporting on similar as compared 
with dissimilar material. 

These results may be compared with those given in the 
first two tables where the work that followed presentation 
was answering questions or solving arithmetical problems. 
These tasks were probably less like the material to be reported 
on than recalling any material. Working arithmetical prob- 
lems after seeing geometrical figures reduced the number re- 
called 25 percent more than with a rest period and reduced 
the number of short words recalled by 28 percent. Answer- 
ing general questions reduced the number of geometrical 
figures reported on by 43 percent and the number of short 
words by 36 percent. In the second series, where the items 
were shown serially, working arithmetical problems reduced 
the number of geometrical figures reported by 20 percent and 
the number of short words by 34 percent. Answering general 
questions reduced the number of geometrical figures recalled 
by 26 percent and the number of short words by 47 percent. 
Students reported that answering questions was harder than 
solving arithmetic problems before they or we knew the re- 
sults. There is probably little difference in the degree of 
similarity with the items to be recalled. Whether either work 
is more or less difficult than recalling other items cannot be 
_determined. 

The results show no clear cut evidence as to whether simi- 
larity or intensity of work after the presentation of the ma- 
terial is more important in reducing the number of items 
recalled. Where the work was learning, reviving the more 
similar material reduced the number recalled less than re- 
caling the more unlike. Where there was little similarity, 
the more difficult task reduced the number more than did the 
easier. If we assume that learning is more difficult than either 
of the other tasks the retroactive effect would be proportional 
to the difficulty. "There would be no definite conclusion to 
be drawn as to similarity. Of the forms of learning the more 
similar produces the greater amount of retroaction, and learn- 
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ing shows a greater effect than either of the other tasks. No 
one doubts that there is a confusion between similar items, 
the basis of associative inhibition. "These results do show, I 
believe, that work with little similarity to the items learned 
also produces retroaction. 

The remarks of the observers on special phases of the work 
throw some interesting light on special aspects of the problem. 
They were all asked to refrain from thinking of the material 
that had been shown them during the rest period after the 
presentation. Many of them reported that they could not 
always be sure that they had complied with this request. 
Some said that the impressions would recur to them in spite 
of their efforts. However, those who were most sceptical of 
avoiding recall were those who showed the least difference . 
between the work period and the rest period. It would imply 
that the conscious return did not appreciably influence the 
retention. 

Some of the observers objected that the rest period of ten 
seconds might be a disadvantage. They said that if they were 
permitted to write at once they would recall much more. In 
the first series the comparison rest experiments were omitted 
and tests made at once after presentation. Then it seemed 
that the conditions were not comparable with the work series 
in which ten seconds elapsed between presentation and the 
test, The smaller number reported might have been due to 
the interval. Tests in the series proved the number reported 
after ten seconds was little different from the number reported 
immediately, and it was as frequently greater as smaller. | 

Some comments оп the imagery used were suggestive. - 
Some used visual imagery directly. Others reported that they 
translated the geometrical figures into words and remembered 
the words. On the whole these individuals were more ac- 
curate than the average in the material that they reported | 
but they reported a smaller number. Several translated the 
first four only and these would be recalled correctly in spite 


of all the work that might be done. Individuals who retained 
the items visually would report a larger number, but would 
п ing affected the recall 


make more mistakes. The later learni 
of these individuals more than of the others. 


542 №. B. PILLSBURY AND ANNE SYLVESTER 


Fatigue needed to be avoided if the results were to be con- 
stant. A series occupied from 25 to 35 minutes and a ten 
minutes pause was given between series. When more than 
two series was attempted in an afternoon, the accuracy of the 
work fell off. In consequence no more than two series were: 
given. Practice effect was slight. Improvement ceased at 
about the middle of the first test. 


Discussion 


These experiments differ from the traditional ones on retro- 
action in that they are applied to the results of primary mem- 
ory and show that the reduction in retention takes effect in 
less than ten seconds after the trace is left. Either the 
Miller hypothesis or the more recent explanation in terms of 
associative inhibition may be applied to explain them. On 
the first hypothesis, the immediate trace would be wiped out 
by any mental work. On the second, forming a second asso- 
ciation disturbs an original one. More generally, in learning, 


identical elements involved in successive series, hence true 
, associative inhibition was not an explanation. Some confu- 


^ n n other connections and may 
contribute to the difference here. Work of any kind will also 


greatly reduce the number of items that can be recalled. 
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Ford demonstrated, while there is no chance to prepare for 
the work that comes after. P i 


PROACTIVE INHIBITION 


Closely related to retroaction is the problem of proaction. 
Not only learning that occurs after any presentation dimin- 
ishes the retention of what was learned before, but material 
learned before the presentation of the test material also has 
been shown to decrease the amount retained of the material 


learned afterwards. These results were obtained with ma- | 


terial that was learned to one accurate repetition and was 
relearned after a day or more. Our experiment was done by 
presenting lists of six words, geometrical figures and nonsense 
syllables and asking the observer to give the list ten seconds 
after the presentation. In the test series a second list of six 
words, geometrical figures, and nonsense syllables was given 
just before the primary series. The observer was tested for 
this first series during a ten seconds interval, the primary 
series then was tested. In the comparison series there was 
a rest before the learning of the primary series. The results 
are given in Table V. It will be seen that proaction has 
a very decided effect. The reduction is in the neighborhood 
of 50 percent in most cases and in many instances more. - 
An opportunity is given to compare the effects of retro- 
action with proaction for four of the observers were used both 
in this experiment and in Table IV of the study on retro- 
active inhibition. The percentage diminution for retroaction 
and proaction is strikingly similar. For B. retroaction for 
geometrical figures is 52 percent, for words 80 percent, for 
nonsense syllables 88 percent, while the corresponding results 
for proaction are 53 percent, 9o percent, and 85 percent. For 
E. the corresponding values for retroaction are 67 percent, 
60 percent, and 74 percent, while for proaction they are 47 
percent, 70 percent and 64 percent. For J. retroaction re- 
duces the number of items retained by 2g percent, by 67 per- 
cent and b; ercent, while proaction re 
of items iac Ly 3o percent, by 82 percent, and by 77 per- 
cent for the different sorts of items. For P. retroaction re- 


duced the number. 
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duced the number of items recalled by 56 percent, by 57 per- 
cent, and by 85 percent, respectively, while proaction reduced 
them by 43 percent, by 54 percent and by so percent. It will 


TABLE V 
Proactive IxnrrrioN 


Proaction reduce the number of 
merato. With a few exceptions 
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Retroaction and proaction would both be active in con- 
tinuous learning of a long series. Together they can be re- 
garded as accounting for the great increase in number of 
repetitions required for learning long as compared with short 
series. Each reduces the number of items reported after ten 
seconds by from 25 percent to 85 percent. If they are at all 
additive in their effect they would together explain the great 
increase in number of repetitions required for one series of 
twelve items as compared with learning two series of six 
items each. 

SUMMARY 


This is a study of the effect of retroactive inhibition upon 
primary memory. It shows that the number of items re- 
ported when they are seen in a tachistoscope or exposed once 
serially in a memory apparatus is reduced by from 25 percent 
to 43 percent when mental work is done during the succeeding 
ten seconds as compared with the пзе: reported after а 
ten second rest. 

Reporting on a second list of Ane has rather more 
effect (45 percent to 85 percent) than does mental arithmetic. 
Learning nonsense material has about the same effect as does 
learning material of the same kind as in the original list. 

Proaction was also found to affect the retention of ma- 
terial in primary memory in about the same amount as does 


retroaction. 
(Manuscript received June 14, 1940) 
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AN EXPERIMENTAL STUDY OF VARIABILITY IN 
OCULAR LATENCY 


BY ROY B. HACKMAN 
Temple University 


Since the history of ocular reaction-time studies has been 
admirably summarized by Miles,? it will not be discussed here 
in any detail. Instead we will point out the salient findings. 
The early studies of Dodge showed that the reaction-time of 
the eye could be measured accurately by means of the photo- 
graphic technique developed by him. The mean latency was 
found to be about 200 sigma with a considerable amount of 
variation under different conditions. This result was for un- 
trained subjects who had no exact knowledge of the peripheral 
positions of the stimuli to which they responded during the 

`" experiments. The range of mean reaction-times under nor- 
mal conditions was from 130 to 250 sigma. Large individual 
differences between subjects were found in all the studies, but 
these were lost sight of as a result of pooling the data. Re- 
action-time of the eye has been shown to change with repeti- 
tion. In general it becomes shorter and this effect persists 
over a relatively long period of time. Whether or not the 
shortening in latency is a genuine Practice effect is open to 
question. Dodge Suggested that the arrangement of stimuli 
(number of positions used and their location in the visual 
field) might be partly responsible for this effect. 

Dodge and Miles later incorporated the measurement of 
ocular latency into various studies of the effects of restricted 
diet and alcohol on human behavior. Reduced diet had no 
effect on eye latency. In regard to moderate doses of alcohol, 
the general conclusion is that the effect is a relative lengthen- 
ing of latency amounting to approximately five percent. The 


present writer would like to Suggest that more information is 
1 This study was carried 


i out at the Psychological Laboratories of the University 
of Minnesota. 


*W.R. Miles. The reaction-time of theeye. Psychol, Menog., 


Me 1936, 47, 268-293. 
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needed concerning normal ocular reaction-time and factors 
associated with its variability if it is to be used to study the 
effects of alcohol, low diet, drugs, anoxemia, etc. We now 
have available much more adequate experimental designs to 
study the significance of observed effects of such factors on 
behavior. 

Miles investigated the role of the stimulus situation in rela- 
tion to changes in ocular latency. Although his conclusions 
were tentative, it appears that size of the stimulus, variation 
in stimulus position, distance of the peripheral stimulus from 
the preéxposure fixation point, and monocular versus binoc- 
ular conditions of vision are associated with changes in latency. 
Further work on the role of such stimulus variations as de- 
terminants of mean latency and variability is needed. 

The purpose of the present study is to investigate the 
latency of ocular response to suddenly appearing peripheral 
stimuli when the line of regard is shifted to a new stimulus 
position. The following factors were chosen for investigation: 
variation in the zonal position of the stimulus, repetition, 
knowledge or lack of knowledge of stimulus position, and 
individual differences in response. n 

This study represents a departure from the usual experi- 
mental design and statistical treatment employed in studies of 
reaction-time. Previous investigations of ocular latency have 
led to rather equivocal results regarding the effects of repeti- 
tion, individual differences, and zonal position of the stimulus 
on reaction-time. The single variable technique appears to 
be an inadequate and inefficient method of design which does 
not lead to effective use of all the information latent in the 
data. The question at hand is, to what extent do these factors 
enter into the observed variability in the reaction-time of the 
eye? Our hypothesis is that all of the observed reaction- 
times are drawn from a homogeneous population (null hy- 
pothesis). If this hypothesis is not refuted, we may interpret 
our results to mean that stimulus position, repetition, and 
individual differences do not affect ocular latency. We wish 
to make a valid estimate of experimental error? in order to 


3 Residual variation about the mean which has been freed from variation traceable 


to ascribed sources, e.g. position in this case. ~ 
a 
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make a valid test of the variation among position means, e.g. 
for zonal positions. . Too often estimates of the experimental 
error do not represent residual variation which is random, 
since no attempt is made to free it from that part of the vari- 
ability whose source is known. , 

Given the proper experimental design, the analysis of vari- 
ance* can be used to segregate from comparable groups of 
data the variation traceable to specified sources. By means 
of the associated tests of significance, a judgment can be made 
as to whether or not several groups are samples from a single, 
homogeneous population. In the present study, for example, 
variation can be traced to the factors mentioned above. The 
obtained experimental error is freed from that part of the 
variability which has been traced to those sources. It repre- 
sents residual random variation plus variation due to factors 
which are unknown or uncontrolled under the given experi- 
mental conditions. By means of the experimental error we 
can determine the probability that the variation among posi- 
tion means, for example, is greater than that within the whole 
group of data. Further discussion will be postponed until 

_ the presentation of the results: 


Apparatus AND METHOD 


The Minnesota eye-movement camera was used for photographic recording of 
fye-movements. Both observation and recording were binocular. А time record was 
obtained by interrupting the recording beam 60 times Per second with a blade mounted 
оп а synchronous motor. The beginning of the reaction-time was indicated by means 
of a solenoid arrangement attached to a vane. At the ‘ready’ signal the vane was 
depressed manually, cutting off the recording beam. At the exact instant the stimulus 
light Came on, the vane was released by means of a double-pole, double-throw switch, 
allowing the camera to begin recording the latent Period. The end of the reaction- 
time was marked by the beginning of the €ye-movement in response to the stimulus. 
E The stiniuli used in this study were lights in a dark field. They (ordinary flash- 
light bulbs) were mounted Separately in a metal box pl 


subject. ў The face of the box had one hole in its center 


*R. A. Fisher. А Statistical Methods for Research Workers. London: Oliver and 
Boyd, 1936. Рр, xiii, 339. С.М. Snedecor. Calculation and Interpretation of Analy- 


sis of Variance and Covariance. Ames: Collegiate Press “a 
Methods. Ames: Collegiate Press, 1937. Pp. xiii + Mer 1934. Pp. 96. Statistica 
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referred to by number as follows: No. I is up; No. III is upper right; No. V is right; 7 
No. VII is lower right; No. ІХ is down; No. XI is lower left; No. XIII is left; No. XV 
is upper left. A unique feature of the set-up was that the preéxposure fixation light 
(center light) was automatically turned out when the stimulus light flashed. Thus 
there was never more than one light in an otherwise dark field to compete for attention. 

Rather than use a large group of subjects with a few reactions from each, a group 
composed of eight college women and eight college men was used, with a large number 
of reactions from each subject. These students were drawn at random from sopho- 
more classes in laboratory psychology. 

The subjects were given the following instructions: 


“Fixate the center dot. After a brief interval the center light will disappear 
and a new light will appear somewhere near the outside of the reading table. 
As soon as this new light appears you are to fixate it as quickly and as accu- 
rately as possible, Keep looking at it until it disappears. Thatis, keep your 
fixation accurately on the center light until the new one appears, and then 
shift to the new light as quickly as possible. Be sure that you look directly 
at each spot of light as long asitison. Аз soon as the outside light disappears 
you are to shift back to the center light and be ready for the next movement.” 


Each subject gave two sets of 80 reactions, a set being arranged in ten series of 
eight reactions each. Each series had in it one each of the eight different stimulus 
positions in a random order from one series to the next. This permits the segregation 
of the effects of repetition and position separately in the analysis of variance. It also 
allows a study of the effect of repetition, with the effect of position randomized. 

Another feature of the experiment was the division of the total number of obser- 
vations into two sets. In one, the subject did not know the zonal position of the 
stimulus—this will be called *without knowledge. In the other, the subject knew the 
zonal position at which the stimulus was to appear. Тһе order of the stimuli was the 
same in the two situations. Part of the subjects were given the ‘without knowledge’ 
on one session and the ‘with knowledge’ the second session. This gave a counter- 
balanced order intended to neutralize the practice effect or a possible interference effect 
from one to the other. 


Resutts: Mean LATENCIES 


It seems appropriate to present the results of this study 
as shown by customary methods of analysis before presenting 
those from the analysis of variance, since the former are more 
easily compared with those previously obtained by other 


experimenters. 


KnNowLepGE oF STIMULUS POSITION 


Since each subject observed under two different conditions, 
it is possible to make a direct comparison of the reaction- 
times when : (1) S knew the location of the next peripheral 


stimulus, and (2) when S did not know the location of the 


next stimulus. It will be recalled that half of the S’s observed 
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under the ‘without knowledge’ conditions in the first sitting 
and ‘with knowledge’ in the second sitting; the reverse being 
true for the other half. This was done in the expectation of 
cancelling out an overall practice effect from the first day to 
the second. ; 

The results are summarized in Table I. All records were 
read in 1/120 sec., the error of observation in reading the rec- 
ords being not over 1 unit. Raw scores and machine methods 
of computation were used throughout. 


TABLE I 


COMPARISON or Mean LATENCIES UNDER VARIOUS EXPERIMENTAL Conprtions 
(In 1/120 Sec.) 


Reaction 


With Knowledge—First Da 
With Knowledge—Second 


There appears to be a highly significant difference between 
Teaction-times obtained under the two experimental condi- 
tions. -The mean value for reaction-time without knowledge 
is about 200 sigma, a finding which agrees with previous 
studies. The mean value with knowledge is about 165 sigma. 
However there is a great deal of overlapping. There are more 
abnormally long reactions in the former and many more very 
fast reactions in the latter. The test of association (chi 
square) shows that these two distributions are not samples 
from the same population, i.e., there is a significant difference 
between groups. Comparison of the variances by Snedecor’s 
F test shows that the variability is significantly greater when 
the Ss observed with knowledge of the next stimulus position. 

Detailed analysis of the results brings to light facts which 
lead us to suspect that there are several factors which are 
contributing to variability in the observed reaction-times and 
obscuring the obtained results, Probably the most important 
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is that there are marked individual differences among the | 
subjects when reaction-times are compared under the two ex- 
perimental conditions. Since the results are not consistent 
from subject to subject, this appears to be an important source 
of variation in reaction-time which must be taken into ac- 
count. An interesting finding is that the effect of practice. 
(so-called) from the first experimental day to the second is 
not the same for the two types of observation. Subjects who 
observed with knowledge on the second day show a signifi- 
cantly faster mean reaction-time than those observing under 
the same conditions on the first day. However, it appears 
not to make any difference in mean latency when the subject 
is without knowledge of the next stimulus position; the mean 
reaction-times are the same, whether on the first sitting or the 
second. Thus, familiarity with the experimental conditions 
and practice in moving the eyes as rapidly as possible may lead 
to a reduction in latency, only under certain conditions. A 
third finding which has some bearing on the point in question. 
is that all of the stimulus positions save one (No. V, right) 
show significantly faster reaction-times for the with knowledge 
conditions. "This particular response (No. V) is a highly prac- 
ticed one, since it is the same as the saccadic movements in 
reading. ; 
Tue Errect or REPETITION 

Previous studies have been inconclusive concerning the | 
effect of practice, although one cannot deny that eye-latency 
does (on the average) become shorter with repetition. In 
this study a comparatively large number of reactions from each 
observer made it possible to study changes in reaction-time 
with repetition. Previous studies have used a comparison of 
first-half against last-half to test for practice effect. We have 
analyzed the results for individual subjects, using Fisher’s (Aa 
for small samples. The following results were obtained: The 
general trend is in the direction of a lowering of the latency; 
but individual differences are very marked. It seems likely 
that whether or not the practice effect occurs (as judged by 
this criterion) depends to a large extent on the individual 


subjects. 
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Since the original observations were arranged in series with 
all eight positions repeated once in each, it is possible to study 
the practice effect in other ways. A mean value was calcu- 
lated for each series under both’ experimental conditions. 
These values were used to draw practice curves, which are 
shown in Fig. І. In each of the four sets of means there is a 
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FIRST. DAY 
SERIES SECOND DAY 


Fic. 1. Effect of practice on latency of the eye [pooled data]. 


the other three cases, the differences are in the expected direc- - 
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tion, but further data are needed before definite conclusions 
can be drawn. Practice curves drawn for the individual sub- 
jects show the same trend as the pooled data, but are by no 
means consistent. Only two of the subjects show a signi- 
ficant practice effect for both with-and-without knowledge. 
Whether or not there is a significant decrease in latency with 
repetition seems to depend on the particular subjects being 
considered. 


ZoNAL POSITION OF THE PERIPHERAL STIMULUS 


The data for position were pooled and measures of central 
tendency and variability computed for each of the eight 


TABLE II 


Summary TABLE SHOWING THE Errect or Position on REACTION-TIME 
or THE EYE 


(In 1[120 sec.) 


Second Day 
With Knowledge 


Position 


First Day 
Without Knowledge 


Position ——_—_—_— 
N Mean S.D. N Mean 8р, 
М 8.55 
23.18 6.46 6 24.94 
5 21.96 5.55 6i 24.00 7 7? 
7 23.11 724. 65 23-49 616 
73 26.01 8.86 67 22-97 6 
76 26.80 712 65 Коо 628 
75 26.00 7:72 63 мыр 655 
74 26.77 9.05 63 22 S 


2247 6.58 


These are shown in Table П. Examina- 
rences between the mean reac- 
It is apparent, 


stimulus positions. 
tion of this table reveals diffe 
tion-time for the various stimulus positions. 
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however, that the least’ variation between position means 
occurs when O observes with knowledge. The largest varia- 
tion between position means is for the observations without 
knowledge on the first experimental day. Grouping all posi- 
tions into upper field vs. lower field shows significant differ- 
ences in favor of the upper field for both without knowledge 
and with knowledge reactions. Other group comparisons are 
shown in Table III. None of the other differences are highly 
significant. 
TABLE III 


Comparisons оғ Various Portions or THE VisUAL Freup 


Comparison Reaction Field Mean Diff. с.к. 
Without Upper 23.52 
Upper Field *| Knowledge Tower Gece 1.56 3.02 
ув. а 
Lower Field | With Upper 19.6 
Knowledge | Lower FARE 1.55 2.88 
V Without -| Right 23.58 
Right Field {| Knowledge | Left б 1.48 2.83 
vs. - 
Left Field | With Right 20.71 
Knowledge | Left 20.61 ло +18 


* Nos. V and XIII omitted. 
T Nos. I and XI omitted. 


It would seem reasonable to expect differences between 
position means in both types of reactions if the variation in 
Teaction-time according to position is referable to some physio- 
logical factor, such as differential retinal sensitivity. How- 
ever, if it is a result of habit or learning, it may be present to: 
а greater extent in the reactions where S does not know in 
which direction the next stimulus will come, The latter ap- 
pears to be the case, but before we can draw any conclusions 
it is necessary to have an adequate test of the significance of 
the variation among the position means. If position is not 
associated with reaction-time, the means for the positions 
should vary only within the limits of random sampling. 
Whether or not the null hypothesis (ibid.) is refuted in this 


case Is a question to be answered by the analysis of variance. 


w 
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Tue AwNALYsIS OF VARIANCE 


We have presented an analysis of the results for reaction- 
time using the customary methods of statistical treatment. 
In the case of repetition, the results are equivocal. In the 
case of position, differences were found between the different 
stimulus locations. Further, individual differences among 
subjects have been shown to enter into and obscure the results. 
The question arises as to what extent these three factors ac- 
count for the observed variability in reaction-time of the eye. 
Up to this point we have not made use of all the information 
latent in the data, nor have we obtained an answer to the 
question which the experimental design affords. 'The hy- 
pothesis in this type of experiment is that all of the observed 
latencies are drawn from a homogeneous population. If this 
hypothesis is not refuted, it follows that position, repetition 
and individual differences do not affect reaction-time. In 
addition, we need a valid estimate of experimental error in 
order to make our tests of significance for the variation 
among sample means for positions, etc. Since the four ex- 
perimental conditions (with knowledge and without knowl- 
edge on either the first or second day) have been found to 
exhibit rather marked differences, separate analyses have been 


made for each one. 
TABLE IV 


Anatysis or VARIANCE witsouT KnowLepce—First DAY 


Sum of 


Source of БОЕ 


Variation 


Total: ec ae ee 595 34,848.1130 
Between Means of Series. . . 9 1,229. 3-79 
Between Means of Subjects 8 Н К 3754 
Between Means of Positions 7 2,182.6045 «64 
Кетайд4ег............... 571 20,600.9896 
* Number of degrees of freedom. 


t Highly significant (P < .01). 


Table IV shows the analysis of variance for without knowl- 
edge, first day. We find that the total variance has been 
reduced from 58.57 to 36.08, when that part of the variability » 
whose source is known has been removed (7.¢., between means 
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of series, subjects and positions). The latter value, called the 
experimental error, is used to test the significance of the 
variation among group means. It represents the residual 
variation within groups in the whole set of data. When 
Snedecor's F test is used;* we find that the variation between 
means of positions, series, and subjects is highly significant 
in each case. The largest source of variation present is be- 
tween means of subjects, i.e., individual differences among 
the subjects. About one-third of the sum of squares is asso- 
ciated with this source of variation.® Since the variation 
between means of positions is highly significant, we conclude 
that zonal position of the peripheral stimulus has a significant 
effect on the, reaction-time of the eye when S does not know 
the direction in which the new stimulus will be exposed. 
Comparable results for the other three experimental con- 
ditions (plus those in Table IV for comparison) are shown in 
Table V. In every case the variation between means of sub- 
jects is highly significant. It is the major source of variation 
in reaction-time of the eye in this study, Asa matter of fact 
the efficiency of the experiment is seriously impaired when 
this source of variation is neglected. When S observed with 
knowledge on the first experimental day, the variation be- 
tween means for series is not significant (indicating no practice 
effect), nor is that for variation between means of positions 
significant. The experimental error is reduced from 64.31 to 
58.38, indicating that the experimental design failed to take 
into account other important sources of variability. When 
S observed with knowledge on the second experimental day, ` 
the variation between means of positions is highly significant, 
but that between means of series is open to suspicion (P lies 
between .o5 and .or). Results for observations without 
Demande RO юе ы ыеп „г, зич 
tion of each group of means. P is татах i Еи Ойор рынды 
getting as large an F value by 


errors of random sampling, Thus when P<.or we know that the variation between 
means for position, for example, is highly significant—i.e,, reaction-time of the eye 
varies with different stimulus positions. 

* The term ‘analysis of variance’ is really a misnomer, since it is the ‘sum of 


' squares’ which is divided up into its constituent arts i f 
degrees of freedom. Parts together with the number o 
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TABLE V 


Summary оғ INFORMATION FROM ANALYSES OF VARIANCE FOR REACTION-TIME 


With Knowledge Without Knowledge 
Source of First Day Second Day First Day Second Day 
Variation 
M M Mi 
at’ nee lato Le UC Ben E pss 
Between Means 
of Positions... . 7 | sogst| 7 | 199.73*1 7 | 311.80 7 | 22248* 
Between Means | 
of Series. ..... 9 [108.631 9 85.32]| 9 | 136.66 9 91.95* 
Between Means 
of Subjects. ... 6 |475.49*| 8 [1704:53% 8 |135432"| 6 1844.35* 
Remainder 
(Error). ...... 468 | 58.38 | 607 36.71 | 571 36.08 | 497 32.97 


* Highly significant (P < .o1). 
1 Not significant (P > .05). 
1 Open to suspicion (P < .05 > .o1). 


knowledge on both first and second days reveal highly sig- 
nificant differences between all means compared. 

It seems reasonable to assume that if the position effect 
depends on some purely physiological factor it ought to be 
operative in all of the experimental conditions. Thus, 
whether or not the subject knows where the light is coming 
next should not make any difference. Our findings, however, 
lead to the hypothesis that the position effect depends on such 
psychological factors as learning or previous experience, 
rather than differential sensitivity. The results lead to the 
further hypothesis that the sources of variation in reaction- 
time of the eye are psychological rather than physiological. 
The determination of the nature and effects of these factors. 
remains a subject for future experimentation, particularly as 
regards reactions where S has knowledge of the stimulus 


conditions. 


CONCLUSIONS: ANALYSIS OF VARIANCE. 
ubjects is highly sig- 


т. The variation among means of subje i f 
dis a major source 


nificant for all experimental conditions an 
of variability in the observed reaction-times. — , dixe 
2. Reaction-time is affected by variation 1n zona position 
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of the peripheral stimulus, except in the case where a naive 
subject knows the position of the stimulus before he reacts 
to it. 

3. Reaction-time of the eye varies, depending on the 
amount of practice the subject has had, when he has no exact 
knowledge of the position of the stimulus to be reacted to. 
This result is for pooled data and is not consistent from sub- 
ject to subject, as pointed out previously. The general trend 
is for latency to decrease with practice. In the case of with- 
| eut knowledge, first day, the apparent drop in latency as 
shown in Fig. 1 is misleading since the variation between 


means for the series is not significantly greater than that 
. within the series. 


(Manuscript received June 4, 1940) 


THE EFFECT OF SEQUENCE OF CONTINUOUS 
AND PERIODIC REINFORCEMENT UPON 
THE ‘REFLEX RESERVE’ 


BY FRED S. KELLER 
Départment of Psychology, Columbia University 


Extinction curves of the lever-pressing response in rats 
have been shown by Skinner (5) to possess properties that 
depend in part upon the mode and amount of preceding re- 
inforcement. When each of, say, 100 responses made by a 
given animal has been reinforced with*food, a subsequent 
curve of extinction (a) has a high initial acceleration and a 
later rapid retardation of response rate; (P) shows cyclic *emo- 
tional' deviations, due to recurring intervals of response 
decrement and ‘compensatory’ increment; and (c) contains 
a total response number (following 100 reinforcements) that 
probably does not exceed 200. 

When, however, reinforcement of the lever depressions has 
been periodic, rather thari regular or continuous, the extinc- 
tion curve shows markedly different characteristics. Ifarat’s @ 
responses to the lever have been reinforced at 5-minute in- 
tervals only, (a) neither the initial acceleration nor the ensuing 
decline in response rate during extinction is as great as it 
would be if all the preceding responses had been reinforced; 
| (b) the cyclic deviations in the curve are absent, presumably 
b because of emotional adaptation during the periodic reinforce- 
ment; and (c) there is a tremendous increase in the number of 
| responses that appear before extinction is at all complete ( 500 
responses from a subject are not unusual after prolonged peri- 


f odic reinforcement). 

: These and other experiment: 
ы to the concept of ‘reflex reserve, 
of responses implanted within the o 
| reinforcement—a reserve the propert 
1 + only during its exhaustion, when rei 


al'operations have led Skinner 

? which is treated as a reserve 

rganism by the process of 

ties of which are indicated а 

nforcement is withdrawn 
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and extinction takes place. In the cases mentioned above, 
the two types of extinction curve show the mode of reinforce- 
ment to be an important determiner of the size of this reserve 
as well as the proportionality between the reserve (the poten- 
tial responses) and the ‘reflex strength’—the rate of respond- 
ing at any chosen stage of extinction. ' 

It has also been shown by Skinner that when periodic re- 
inforcement follows continuous reinforcement prior to extinc- 
tion it remains efficacious in adding to the reserve and chang- 
ing the proportionality between the reserve and the strength. 
This is, perhaps, to be expected from the nature of the opera- 
tions involved, since periodic reinforcement demands at least 
a single initial reinforcement which, if repeated regularly for 
each lever-pressing. response, would constitute a preliminary 
period of continuous reinforcement. In other words, the dif- 
ference is basically between one and more-than-one initial 

reinforcements prior to the introduction of intervals in which 
no responses are reinforced. 

The effect of the alternative sequence of operations— 
periodic followed by continuous reinforcement—has not, how- 
ever, been investigated, and several consequences of such a 
procedure suggest themselves. 'Fhere is the possibility (1) 
that neither the size of the reserve nor the proportionality 
between reserve and strength will be affected by the sequence 

of continuous and periodic reinforcement—that extinction 
curves for animals subjected to the continuous-periodic se- 
quence will be essentially the same as those for animals sub- 
jected to the periodic-continuous sequence; (2) that both the 
size of the reserve and the proportionality will be affected; (3) 
that the size of the reserve will be affected, but the propor- 
tionality will be unchanged; or (4) that the size of the reserve 
will be unaffected, but the proportionality changed. 

The realization of one of these possibilities, which is the 
concern of the present study, should be of some significance 
with respect to the concepts of reserve and strength. There 
is nothing in Skinner's formulation which would lead one to 
expect that the size of the reserve is dependent upon the se- 
quence of reinforcement as outlined above, but there are not, . 
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on the other hand, any data which would indicate that such 
is not the case, and a discovery of such a relation would have 
rather important theoretical and practical implications. 


‘Twenty male white rats, 75 to 100 days old, were conditioned to depress a lever 


for small pellets of food, uniform in size and composition, in a mechanically-operated ~ 


form of the Skinner apparatus (see 4 and 5). In the training procedure each rat was 
introduced to the response chamber, following a food-deprivation of 22 hours, and 
permitted to eat one or two grams of food already placed in the food-tray by the 
experimenter. During this time the lever above the tray was not yet connected with 
the food-magazine in the adjoining compartment. After the first food supply was 


L 


exhausted, the experimenter caused several pellets to be discharged, one at a time, # 


from the magazine into the tray. When the stage was reached at which these pellets 
were eaten as soon as they appeared, the magazine was connected to provide reinforce- 
ment for each lever-pressing response made by the animal. j 

The criterion of conditioning was considered to be satisfied by a given rat when 
his rate of lever-pressing became relatively constant and rapid. Since at least 15 


responses were to be reinforced after conditioning, the determination of a ‘learning- . 


point’ was not as difficult as it might appear, although some lack of precision was 
unavoidable. Stop-watch measurement of the times between successive responses, 
together with inspection of the cumulative response-frequency curve made by the 
animal (and recorded on a slow-moving kymograph drum outside the apparatus), 
provided a sufficiently accurate designation of the point at which conditioning had 
been established and permitted the experimenter to calculate the number of remaining 
reinforcements to be given. j 
"The animals were advanced from one stage of training to another as fast as their 
behavior seemed to warrant, with the result that some required fewer daily sessions 
than others before the habit was formed. Nine rats were conditioned on the first day, 
in less than an hour; eight on the second day; two on the third; and one on the fourth. 
In the case of four rats 40 successive responses were reinforced immediately after the 
satisfaction of the criterion; the remainder were given only 15 reinforcements directly 
after mastery, but received an additional 25 on the following day. Thus, each animal 
received a total of 40 reinforcements beyond those required for conditioning, 
Subsequent to this preliminary training the animals were divided into two groups 
of 10 each, equated as well as possible on the basis of litter membership, body M 
and time required for learning. The rats of Group A were first given two TRUN 
periodic reinforcement at 3-minute intervals. This was followed by two mo aily 
sessions in each of which 30 successive responses Were fes ds Finally, on the next 
day, a 3-hour extinction,curve was obtained from each anima’. А 
d The sequence of periodic and continuous reinforcement was reversed ү? the us 
of Group В. ‘Two days of regular were followed by two days of periodic rein! qp 
with a final day in which the response was extinguished. Inall other essentia DEAD 
the conditions for the two groups were identical. The experimental sessions ue 4 e 
daily, following 22-hour deprivation; the general laboratory environment wa! y 


constant with respect to light, noise, temperature, and other factors; oe БҮТ 
of the two groups were matched with respect to response-compartments (three i ie 

boxes were used during the experiment). Such conditions should be adequate for the 
maintenance of drive constancy and the avoi 


might be traced to ‘situational’ sources (4). 


dance of variations in the records that | 
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RESPONSES 


TIME IN MINUTES 


Figure 1 presents composite extinction curves for the two 
groups of animals. These curves are based on the data for 16 
tats. The records of two animals of each ori 
not comparable to those of the o: 


ginal group were 
ther subjects beyond the first 
since their extinction was not con- 
tinuous during the 3-hour period. Inclusion of these data, 
Which were obtained in alternate 15-minute periods, does not 
appear to be justified. 

The t-test was used to compare the average number of re- 
Sponses of the two groups throughout the extinction. period. 
Table I is a Summary of this comparison, 

The ¢-values necessary for 5.0 percent and 1.0 percent sig- 


nificance, with 14 degrees of freedom, are 2.14 and 2.98 re- 


spectively (3). Table I indicates that Grou 


I5 minutes of responding, 


* 


P A, during the . 
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TABLE I ‘ 


Suowixc tHE Mean Numser or Responses or Groups A Амр B AT DIFFERENT 
STAGES or EXTINCTION, THE DIFFERENCES BETWEEN THE MEANS, 
AND THE CORRESPONDING Í-VALUES 


Time, in 
Minutes, D 
from Begin-| 
ning of Ex- 
tinction...] § 10 1$ 30 


Mean re- 
sponses, 
roup A | 30.7 | 45.0 | 56.1 | 84.9 
Mean re- 
sponses, 
Group B | 17.2 | 33-0 | 43-9 | 70.4 
Difference 
between 
means | 13.5 | 12.0] 12.2 | 14.5 
1-values 3:34 | 1.79 | 1.66 | 1.22 


first five minutes of extinction, responded a significantly 
greater number of times than Group B, since the t-value is 
greater than that required to reach the 5.0 or 1.0 percent 
point. Thereafter, the difference between groups is not 
significant. - 

This is at least a rough indication that the effect upon the 
curves of Fig. 1 is felt primarily at their beginning, during the 
first few minutes of the records. Because of the small number 
of subjects and the arbitrary termination of the extinction at 
the end of three hours, a more detailed examination of the 
data is inadvisable. 3 ARINA 

The bearing of these results upon the question raised at 
the beginning of this report is clear. Of the suggested possi- 
bilities, the fourth has been realized. The effect of ai e 
the sequence of continuous and periodic reinforcement, under 
the conditions of this experiment, is (a) insignificant with re- 
spect to the size of the reflex reserve, but (5) shows o i a 
changed proportionality between the reserve and PIE A 
strength. In other words, the total number of mon n m 
sponses is neither increased nor decreased as а ry t of the 
sequence chosen, but the rate of emission is altere 2 UN 

In his description of the effect of periodic, as е z а 

. ular or continuous, reinforcement, Skinner notes that "w| 
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cannot compare the heights of extinction curves (at some ar- 
bitrary point) without taking the preceding reinforcement into 
account." This statement is amply substantiated in the pres- 
ent study, and a degree of elaboration is justified: not only 
must we consider gross differences in mode of reinforcement, 
but also differences with respect to temporal arrangement of 


+ these modes when both are applied prior to extinction. 


Although the above interpretation of the results obtained 

‘in this experiment with the two main groups of animals is 
entirely consistent with Skinner’s concepts of ‘reserve’ and 
‘strength,’ some reference should be made to the anomalous 
behavior of those rats the records of which have been omitted 
from the composite curves. Extinction for rats I, 2, 3, and 
| 4 was discontinuous, taking place in 15-minute sessions at I5- 
minute intervals. The records for rats ї and 2 are incomplete 
and may be neglected here, but 3-hour totals for rats 3 and 4 
(of groups B and A respectively) are available and are repre- 


B was 209 (range, 91-354), the response-totals for rats 3 and 
4 respectively were 576 and 723. Moreover, the shape of the 


Comparable effects of the discontinuous extinction pro- 
cedure have apparently been observed by Ellson (2), who has 
used his findings as the basis of an attack upon the ‘reflex 


taken here. Experimental data Which bear upon this question 
will, however, be Presented in a later paper. 


м 
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vestigation, that the periodic-continuous sequence would oper- 
ate to reduce the number of responses during extinction, Such 
an effect, if obtained, would bear a specious resemblance to 
Dunlap’s findings with respect to the breaking of undesirable 
habits (1) and, at the same time, be consistent with the view 
that the rat stops responding sooner because he has come to 
expect a reward for every lever-depression. Although it is 
unlikely that the results herein reported will escape the gener- 
ality of ‘expectancy’ interpretation, it is quite certain that 
they do not provide us with a new technique for the quicker 
removal of well-entrenched habits—for subtracting from the 
reflex reserve by the simple operation of reinforcement. 


(Manuscript received May 29, 1940) 
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SPEED AS A DETERMINER OF MUSICAL MOOD 


BY MELVIN G. RIGG 
Oklahoma A. and M. College 


From previous experiments it has appeared that tempo 
has more influence upon the emotional suggestiveness of music 
than any other single factor. This feature would therefore 
seem to deserve a more exhaustive study than it has hitherto 
received. "The present paper reports an experiment dealing 
with speed alone. 

/... The stimuli consisted of five musical phrases played on the 
piano. The phrases were harmonized and were four measures 
in length.? Each was presented at six different speeds, the 
tempo being rigidly controlled bya metronome.’ The phrases 
are designated as A, B, C, D, and E with a number following 
to indicate the speed (the number of quarter notes to the 
minute). І 

The order of playing was as follows: 


(read down) 
E 120 E 138 E 160 
D 120 D 138 D 152* 
C 120 C 138 C 160 
$ B 120 B 138 B 160 
A 120 A 138 A 160 
E тоо E E 60 
D 100 D 8o D 6o 
t " С то © °С 8% С бо 
В 100 В 80 B б 
А тоо А 80 А. 65 


The observers in the experiment were 88 college students 
enrolled in psychology classes. They represented varying de- 
* Rigg, M. G., What features of a musical hr: і i 
М. G., phrase have emotional tiveness? 
ru Sci. Res. Coun. Oklahoma А. and М. Coll., 1939, x, 5 ES ое 
Thete Phrases were used in the study previously mentioned, ор. cit. They may 
be found'in musical notation in the appendix, designated as A 1,B1,C1,D1,andEt. 
ie metronome would have an influence 
but preliminary experimentation revealed that 
* It was beyond the technica 
dition of this phrase at 160, 
566 


1 ability of the pianist always to give a perfect ren- 
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grees of musical training, but it seems unlikely that musical ' 
training influences judgments concerned with the emotional 
effects of music.* 

Each auditor was supplied with a check list to assist him 
in making his replies. From previous studies, the most valid 
discrimination with regard to the emotional character of music 
appeared to be between the happy and the sad. The observ- 
ers were consequently asked to designate whether the phrase 
was primarily sad-serious (indicated as S) or pleasant-happy 
(indicated as Y). After this judgment the auditors were to 
attempt a finer discrimination by classifying the phrase under 
subheadings as follows: 


X Serious-sad 
т Solemnity 
2 Sorrowful longing 
3 Melancholy 
4 Lamentation 
5 Agitation 
Y Pleasant-happy 
6 Hopeful longing 
7 Love 
8 Revery 
9 Gaiety 
то Joy 
11 Triumph ° 


o the observers that melancholy was to 


It was explained t / 
А ion, and 


mean something less ie sad than lamentat 
aiety, something less intense than Joy. 

s The data io Pad A are presented in Table L The 

results for the various renditions of this phrase are given not 

in the order of performance, but in that of increasing speed. | 

When this phrase was played 60 quarter notes to the minute, ў 

the X votes were unanimous, and 37 of these were specifically 


5 Hevner, K., The affective character 

Amer. J. Psychol., 1935; 47; 103-118. Rigg, 

accurately college students can interpret the 

i x per. hol., 1937, 21; 223-229- ^ B d Dir 

Е Y us hiec Do Lud the one used in the previous investigation. | See first. 


footnote. "d. 


of the major and minor modes in music, 
M. G., An experiment to determine how 
intended meanings of musical composi- 
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TABLE I 
T Parase A 

Metronome Speeds.......... 60 80 138 160 

X Serious-Sad.........., 88 86 80 75 

т. Solemnity........ 24 22 II 12 

2. Sorrowful Longing . 7 7 4 3 

3. Melancholy 15 14 17 8 

4. Lamentation,.....| 37 34 21 II 

`$. Agitation... dos 5 9 27 41 

-Y Pleasant-Ha EX he o I 8 13 

DUM 6. Hopefal ging... o o i 5 7 

XM 7. Love.... P o 1 o о 

. rl o о І 4 

| ‚ Gai 4 о о І о 

, ie y } ° о о о 

+ ^ Д о о I 2 
MENU LC goce c MEM M T p ov. 


‘for lamentation. The X Tesponses remain at 86 for the three 
next faster speeds, but the lamentation votes go down suc- 
cessively to 34, 32, and 19. It is safe to conclude therefore 
that the phrase is Progressively less intense in its sadness. 
At the two faster speeds (138 and 160) the X responses go 


TABLE II 
Purase B? 

15 6 5 
I o o 
3 I o 
2 о I 
s I І 
4 3 
73 82 83 
i 9 2 2 
| 5, I 3 
7 10 
31 20 
3 2 
mn 
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phrase shows a different picture, since it is primarily pleasant- 
happy in character. For every increase of speed the Y votes 
become more numerous. Between the two fastest speeds this 
gain is only 1; nevertheless, the joy responses advance from 
34 to 42. 

TABLE III 

Purase C 


Metronome Speeds.......... 


X Serious-Sad......:.... 
т. Solemnity........ 
2. Sorrowful Longing. 
3. Melancholy....... 
4. Lamentation...... 
5. Agitation. . 


Y Pleasant-Happy... . 3 da 
6. НОР И; 


onging... 


'The data for Phrase C are presented in Table III. This 
phrase is definitely sad except at the fastest tempo. The 
changes between the two slowest speeds appear inconsequen- 
tial, but the Y votes show a steady gain at the fastest speeds. 

The data for Phrase D are presented in Table IV. At 
slow speed this phrase is sad; the faster it is played, the hap- 
pier it becomes. At the fastest tempo it suggests triumph. 


TABLE IV 
Parase D? 


Metronome Speeds... 


X Serious-Sad . + . 
1. Solemnit; 
2. Sorrowfu 
3. Melancholy. 
4. Lamentation 
5. Agitation... 

Y Pleasant-Ha) p. d 
6. Hopeful nging. 
7. LOVE His е 


- 


RD 
ча Жол O0 ым br оо 


Enronin aè |e 


- 
со 


- 
ORNS weNrocoon 


House онн нона 


Been an 


н 
E 
umn 
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The data for Phrase E are presented in Table V. Here 
there is one inversion, since for speed 160 there are only 85 Y 
responses as against 87 for speed 138. However, gains are 
registered in both the categories of joy and gaiety for the 
faster of these tempos. 


TABLE V. 
Purase E 
С 


Metronome Speeds.......... 60 80 100 120 138 160 
41 33 19 5 1 3 

II 9 5 2 o o 

16 15 9 2 o І 

8 4 о о І 

4. Lamen 4 3 1 І I o 

5. Agitation 2 о о о о І 

Y EGRE 47 55 69 83 87 85 
6. Hopeful 1 27 30 29 14 II 

18 15 26 18 16 4 

13 13 п 28 18 8 

о о І 5 25 33 

о о I 2 14 27 

o o o І о 2 

Ыф 


For each of these phrases there seems to be a critical speed 
‘beyond which changes occur at a slower rate. For Phrase A, 
this is at 120, the slower tempos not showing much divergence 
in the distribution of responses. For Phrase B, it is at 120, 
the faster speeds not showing so much change. When Phrase 
C is played at 100 or slower, the results do not vary appreci- 
ably. Phrase D, played faster than 138, is not much happier, 
although the triumph replies continue toincrease. For Phrase 
E, there is not much change above 120, 

It is evident from the data that a faster speed tends to 
make the music happier (or more joyful), while a slower speed 
makes it sadder (or more of a lamentation). For the most 
part this result appears clearly in the relative strength of the: 
X and Y responses. At other times it is to’ be seen in the 
subheadings, in the Changes for the categories melancholy, 
lamentation, gaiety, and joy. There is only one slight inver- 
sion in the X and Y votes (Phrase E at speeds 138 and 160), 
and even here the general Principle is manifested in the gains 
for gaiety and joy at the faster speed. The only other partial 


4 
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exception to the finding is Phrase C for the speeds 6o and 8o. 
Here there is practically no difference in the two patterns of ' 
response. $ 

Summary.—Five short musical phrases, three happy in 
mood and two sad, were played, each at six different metro- 
nome speeds, to 88 observers. The general principle that fast 
tempo tends to make music happy while slow tempo has the 
opposite effect, was abundantly illustrated in the data. 


(Manuscript received June 17, 1940) 


INFLUENCE OF LINE WIDTH ON 
EYE MOVEMENTS ! 


BY DONALD G. PATERSON AND MILES A. TINKER 


University of Minnesota . 


In our investigations of the influence of various typo- 
graphical arrangements on speed of reading we completed 
‘eleven studies of line width.? In general the results indicate 
that line widths can be varied to a surprising degree without 
any appreciable adverse effect on speed. That is, a definite 
. range of optimal line widths exists. However, lines shorter 
than or longer than the optimal range definitely retard read- 
ing speed. 


_ Specific patterns of €ye movements involved in reading opti- 
mal versus non-optimal line widths. ` The eye movements 
were photographed by the Minnesota eye-movement camera. 

Tn the first study, each of 20 college students read ro para- 
graphs from the Chapman-Cook Speed of Reading Test, Form 


excessively long line width of 43 picas. Figure 1 shows sam- 
ples of the reading material employed in both studies. 
The photographic records yielded for each study the fol- 
5: number of fixations, number * 
Wege ДО pics of pauses, perception time, and 
л 3 Nits 
күк аша ан TOMY! Mn Gena Sh fr 


? Detailed results of these and other studies will " & 
Brothers under the title, How to Make Type Dues ipn fer rape 
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I9 Picas versus 9 Pircas 


The results for the first study (19 versus 9 pica line widths) 


are shown in Table I. 1 
TABLE I 


Mean Eve-Movement MEASURES FOR 20 COLLEGE Susyects 
_ Reading Text Set in 19 Pica and 9 Pica Line Widths 


Note: Pause duration and perception time are reported in seconds, Теп para- 
graphs from the Chapman-Cook Speed of Reading Test, Form A, were set in a 19 pica 
line width and 10 paragraphs from Form B of the same test were set in a 9 pica line 
width. All paragraphs were printed as follows: Scotch Roman, lower case, 10 point, 
set solid on egg-shell paper stock. 


Fixati th Ri li 
Line Width Freq Haat Terception po 
19 picas 193.5 42.8 26.2 
1саз.... 223.9 3 22. 
Ее у +30.5 4 3i - 77 
Percent Diff.. +15.7 +24.7 14.2 


* All differences are statistically significant except for regression frequency. 


Scrutiny of these results shows a marked increase (15.7 
percent) in the average number of fixations in reading the 9 
pica line width in comparison with the 19 pica optimum. On 
the average fewer words were perceived per fixation when the 
short line was read. Curiously enough, more time in reading 
the short line was spent on each fixation (pause duration per- 
‘centage difference equals 8.1). Also for the short line there 
18 a striking increase (24.7 percent) in the total perception 

‚ ime. The only apparent advantageous characteristic of the 
short line width is found in the fact that it was read with fewer 
regressions (14.2 Percent.decrease). When the significance of 
the difference in the means of correlated measures was com- 
puted and thet values ascertained it was found that all t values 
were beyond the т percent level except that for regressions 
which was less than the 10 percent level. 

One may characterize the oculomotor patterns in reading 
an excessively short line by saying 
tions is increased, the Span of per 

» mean duration of the fixations is i 

time is greatly increased but the 


ception is decreased, the 
ncreased, total perception 


that the number of fixa- . 


number of regressions is _ 


А д 1 
INFLUENCE OF LINE WIDTH ON EYE MOVEMENTS . 575 


approximately the same. It is seen, therefore, that char- 
acteristic differences in oculomotor patterns appear when read- 
ing an excessively short line width in comparison with the 
optimum. As may be observed in Fig. 1, each short line 
contains about 4 or 5 words whereas the 19 pica line width 
contains about.1o words. There were 3.5 fixations per line 
in the former case and 6.4 fixations per line in.the latter. 
'This means that the eye seems to be unable to maintain as 
large a perceptual span (words per fixation) in reading the 
short line. The net result is more fixations, a longer time on 
each fixation, with a consequent great increase in total per- 
ception time. It is obvious that the short line does not in- 
volve distortions of word forms nor reduction in visibility of 
the printed characters. The only remaining factor that could | 
account for the decreased efficiency in reading the short line 
would appear to be the difficulty in making maximum use of 
peripheral vision in the horizontal direction. In such a short 
line, the eye is forced after only 3 or 4 fixations to swing back 
to the next line. Thus it is impossible to capitalize efficiently 
on horizontal peripheral vision since the sequence of eye move- 
ments is interrupted so frequently. That is, the ability to 
increase the span of perception and to decrease pause duration 
which ordinarily occurs in reading the second half of an op- 
timal line width is seriously interfered with. 


19 Picas versus 43 Prcas 


The results for the second study (19 versus 43 picas) are 
shown in Table II. At the outset it should be stated that 
all of the differences in Table II are SU significant 

s (all are beyond the 1 percent level). 

eco. ides ее results in Table II shows that 
fixation frequency in reading the long line is definitely in- 
creased, whereas the average number of words per fixation is 
decreased. Furthermore, the average time devoted to fixa- 
tions (pause duration) is slightly increased and, of iie 
total perception time is increased as well. A most S riking 
difference occurs with respect to the number of regressions. 
This amounts to 56.7 percent increase. Inspection of the 


+ 
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photographic records reveals that practically every line in 
the. 43 pica test-copy involves a regression. These come 
chiefly at the beginning of each line. 


TABLE II 


Mean Eve-Movement Measures FOR 20 CoLLEGE Susyzcrs 
Reading Text Set in 19 Pica and 43 Pica Line Widths 


Note: Pause duration and perception time are reported in seconds. Ten para- 
graphs from the Chapman-Cook Speed of Reading Test, Form A, were set in a 19 
pica line width and 10 paragraphs from Form B of the same test were set in a 43 pica 
line width. АП paragraphs were printed as follows: Scotch Roman, lower case, 10 point, 
set solid on egg-shell paper stock. 


Fixati Words Pai i Ri i 

ver Aon Frequency Fixation d Duration теч Frequency 
19 picas........,. 41.3 274 
3 picas,... “Ң 47° 42.9 
ifferences * + 5.7 +155 
Percent Diff. +13.8 +56.7 


* All differences are statistically significant. 


We interpret the results to mean that an excessively long 
line width gives rise to a major difficulty in swinging back to 
the beginning of successive lines. In other words, the eyes 
are inaccurate in relocating the beginning of each new line. It 
is entirely possible that this difficulty so upsets the reading 

_ Process that the reéstablishment of the most efficient ocu- 
lomotor patterns in reading each line is impossible. 


Summary 


reader's inability to make 
ral cues. 


" * 
ү * 
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4. Analytical records derived from the reading of extremely 
long line widths reveal that the task of locating the beginning 
of successive lines of print is accomplished only with great dif- 
ficulty. This is shown by the striking increase in regression 
frequency. It is as if the eyes, in making the return sweep, 
are'forced to spend an undue amount of time in searching for 
the next line. Presumably this difficulty tends to upset the 
smooth functioning of oculomotor habits. 


(Manuscript received June 17, 1940) 


A NEW APPARATUS FOR THE LURIA EXPERIMENT 


BY RUTH A. BOBBITT 
Mills College, California 


of the index fingers upon a specially constructed key, and he 
is instructed to depress the right-hand key at the time that 
he utters his verbal response. The apparatus records verbal 


ferent rooms, and (2) of furnishing a record not merely of the 
onset of the verbal response and its reaction-time, but of the 
form or structure of this response. 

Submitted are photographs of the apparatus as it is set 
UP in two rooms; one from which the experimenter conducts 
the experiment (Fig. 1), and the other in which the subject 
is seated (Fig. 2). ' 

(1) Рега] Communication System.—A carbon microphone : 
(4, Fig. 1), on an adjustable telescopic rod, is set just in front 

. of the subject. The experimenter js €quipped with a port- 
able microphone (4, Fig. 2). Both the subject and the ex- 
perimenter wear headphones (B, Figs. 1 and 2). As the sub- 


of this'amplifier and passed through a i 
diode type. They are transformed fro 


m alternating to direct- 
"Luria, A. R, The Nature of Human Conflicts 


(translated from the Russian and 
edited by W. Horsely Gantt), New York: Liveright, 1932, 431 pp. = 
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e subject's room. 


Fic.2. Apparatus as set up in th 
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current impulses at radio frequency. These direct-current 
impulses operate a sensitive 5000-ohm voice-controlled relay 
(D, Fig. т) which, in turn, activates an ordinary power-relay 
(E, Fig. 1). (The power-relay has contacts heavy enough to 
carry the current that is required for the recording-stylus 
magnet (F, Fig. т) (vide infra). А six-volt storage battery 
(G, Fig. 1) supplies current, via the power-relay contacts, to 
the recording-stylus magnet. The sensitivity of this arrange- 
ment is entirely sufficient. (Indeed one finds it necessary to 
turn down the ‘gain-control’ during actual use. When the 
applied sound is intense, the springy extension-arm of the 
stylus-magnet stays over until the reverberations of the sound 
die down.) 

The communication-circuit between the subject and the 
experimenter makes use of the voice-amplifier to give the dc- 
sired sound-intensity in the headphones. The microphones 
are operated by a separate set of dry cells in order that the 
‘electrical surge caused by the stylus-magnet will not distort 
the voice in the earphones. The complete communication 
equipment is arranged as follows: the amplifier and diode- 
rectifier, together with the power-supply, are built on a metal 
chassis. The chassis has a front panel with jacks for micro- 
phones, headphones, relays, and connections for regulating 
sensitivity and headphone current. The two relays are as- 
sembled on a separate board for convenience and simplicity. 
The stylus-magnet coil and stylus are attached to a platform 
on one side of the paper-driving device (Н, Fig. 1) (vide infra). 

~ The voice-recordings are made on опе extreme edge of the 
stylographic paper. ; 
i (2) Device for Recording Finger-Movements.—The subject 
is seated at à table on which rests the equipment for recording 
his finger-movements. All of this apparatus is mounted on a 
portable board, 22 X 29 inches. The subject’s forearms rest 
on a board (C, Fig. 2), so inclined that his wrists are 334 in 
above the table surface. The index finger of each hand rests 
ona key which is attached to a horizontal lever-arm. The 
distance between the lever-arms may be adjusted to the con- 
venience of the subject. Each of these arms is fastened at 


_ blocks (Ит, H2, Fig. 2) placed at such 
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right angle to a horizontal steel rod, 12 in in length and 5/16 
in in diameter (Er, E2, Fig. 2). Each rod is so pivoted to 
vertical uprights that it may be independently rotated by the 
slightest movement of the attached key. The two vertical 
uprights, into each of which the inside end of one of the rods 
is pivoted (Fr, F2, Fig. 2), are swung backward or forward 
as controlled by the rotation of the rods. At the top, each 
upright also has a socket (G1, G2, Fig. 2) in which rests one 
end of an aluminum tube, 36 in long and 5/16 in in external 
diameter. . These tubes extend to the paper-driving device in 
the experimenter’s room. There they are attached to stylus- 
carriages (I1, I2, Fig. 1) which move freely along a track just 
above the recording paper. р 

As the subject depresses one of the keys, the attached 


steel rod is rotated. It draws the vertical upright, the alu- 


minum tube, and the stylus at the other end of the tube, 
leased the process 1s 


toward the subject. When the key is re 

reversed. ‘Thus a curve showing the variations of pressure 

is obtained. FU 
The right-hand lever-key has sufficient tension to bring it 

back to its normal position after it has been depressed by * $ 

the subject. Various spring tensions may be put on the left- 

hand lever, and the length of the lever-arm itself may also, be , 

adjusted to variations in tremor-amplitude. The amplitude ^ 


of movement of each hand is further restricted by wooden ч 
a distance below the t 


he keys from exceeding a 34-inch _ if 
he exception of the, 
ring the experiment. — 


lever-arms as to prevent t f 
span. The entire lever-system, with t 
keys, is enclosed in a wooden housing du jd W 

(3) Paper-Driving Device —The paper-driving device (H, 


i 1) is small, com act. and ortable. Its design embodies 
Fig. ) H ll, P , р g 
- i 9 x 8 in of which the top and * 
a sheet-brass housing, 10 X ^ * | ЇР, i 


two ends are left open. А 110 volt, A ] 
synchronous motor (Hı, Fig. 1) is geared so that i quo 
grooved brass drum (Ha, Fig. 1) of то in circumieren wait 
make one revolution every 20 seconds. | The motor d on : 

on a wooden soleplate which, i à, is set on di e бал ч 
housing floor. In this way, motor vibration is decrea 


— 


n turn, 


i Š 
* 


582 RUTH А. BOBBITT 


minimum. On each side of the brass drum a rubber-encased 
roller (H3, H4, Fig. 1), 1 1/8 in in diameter, is held against 
the drum by means of an equated spring tension. А roll of 
stylographic recording-paper (Hs, Fig. 1) is placed securely 
on a brass spool. The spool revolves as the drum and rollers 


The paper is held taut and straight as it is drawn between one 


roller and the drum, over the drum, and out between the other ' 


roller and the drum. 

Four stylus attachments are mounted on the paper-d riving 
device as follows; 

(a) A time-recording stylus (H6, Fig. 1) is operated by 
means of 20 evenly spaced cogs in one end of the drum. In 
accord with the revolution speed of the motor, the stylus 
marks seconds at every half inch on the extreme right edge 
of the paper as it is drawn over the drum. 

(b) The Voice-reaction stylus (H7, Fig. т), as noted above, 
extends from the electro-magnet, mounted on the left side of 
the housing, to the other edge of the stylographic paper. 

е aluminum tubes (11, I2, Fig. т), manu- 
subject, is fastened a light carriage with 
eys. From the bottom of each of these 
eel-tipped stylus. Just above the 
Tum are fastened two rods, 8 in in 
T, and 1% in apart, which serve as 
two stylus-carriages are drawn. 

us is relatively inexpensive to con- 


LI 


draw the paper from it at a constant speed of 34 in per second. ' 
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CONDITIONED FLEXION RESPONSES IN DOGS 
RE-ESTABLISHED AND MAINTAINED WITH Р 
CHANGE ОЕ LOCUS IN THE APPLICATION 
OF THE UNCONDITIONED STIMULUS 


BY W. J. BROGDEN* 


Pavlovian Laboratory, Phipps Psychiatric Clinic, 
Johns Hopkins University School of Medicine 


INTRODUCTION 


The present investigation was designed to test the follow- 
ing hypothesis: if the left forelimb flexion-response of dogs to 
shock is conditioned and then extinguished, will the same CS? 
evoke the extinguished CR, if the shock when it is again paired 
with the CS is applied to a new locus, and if the extinguished 
CR is alone instrumental in the avoidance of shock? Electric 
shock when applied at a new locus, e.g., the right forelimb, is | 
the US for right forelimb flexion, an UR. Pairing of this о 
shock with a CS would result undoubtedly in the conditioning | 
of right forelimb flexion in a naive subject. But will this 
happen when left forelimb flexion has been first conditioned 
and extinguished, particularly when conditioned left forelimb а 
flexion to the CS brings an avoidance of the shock in its 
new locus? i 
Kellogg and Walker (7, 8), using dogs as subjects, condi- 
tioned the right forelimb flexion-response, evoked by shock, 


University of Wisconsin. 
UR = Unconditioned 
and CR = Con- 


1 Now with the Department of Psychology, à 
2 Abbreviations: US = Unconditioned (original) Stimulus; 
(original) Response to US; CS = Conditioned (substitute) Stimulus; 


ditioned Response. — " З 
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tothe sound of a buzzer. This response was then extinguished ~ 
and reconditioned, whereupon the shock was transferred to 
the left forepaw. Under the latter condition, when the buzzer 
was followed by shock to the left forepaw, right forelimb 
flexion-responses were elicited by the buzzer. The introduc- 3 
tion of the left foot. shock served at the start to facilitate 
conditioned right forelimb flexion-responses, in the case of all 
six of the subjects. "Three of the animals rapidly adapted to 
the change in the situation by eliminating the right foot re- 
sponse altogether and by giving only left foot flexion-responses 
to the CS. With the other three animals, the frequency of 
conditioned right forelimb flexions to the buzzer did not di- 

. minish during the time in which left forelimb flexion was con- 
ditioned to the criterial level, Thus, the buzzer evoked 
conditioned flexions of both the right and left forelimbs, a 
phenomenon which Kellogg and Walker have called ‘am- 
biguous conditioning.’ 

Finch and Culler (4) have pointed out that the US per- 
forms a dual role in the conditioning process. First, it deter- 
mines the character or pattern of response. Right forelimb 
flexion from an electrically-charged grid is’clearly a function 

_of the type of stimulus (electric shock) and also of its locus ~ 
of application (right forepaw). The CS takes over this func- 
tion of the US only, that of evoking a definite behavior- 
pattern. Secondly, the US provides the incentive or drive 
* needed to actuate this response. Dogs conditioned to fore- 


consistent flexion-response to the CS, Brogden (2) has re- 
ported an experiment in which a neutral stimulus provided an 


ik М! 
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effective substitute for the US in consistently maintaining 
flexion-responses to the CS. With dogs as subjects, once left 
forelimb flexion, evoked by shock, had been conditioned to the 
ringing of a bell, each CR thereafter was rewarded by a biscuit 
dropped into a food-box, shock being omitted altogether from 
the test-situation. If no CR was made to the CS, no food 
was delivered. Under these conditions of reinforcement, the 
experimental animals gave a mean CR-frequency of 97.7 per- 
cent during 1000 trials, while the control animals, maintained 
with shock, gave a mean CR-frequency during the same period 
of 98.8 percent. Food was neither an US nor a CS for flexion; 
at no time was it possible to elicit forelimb flexion when the 
food was presented alone. Food, then, functioned as well as 
shock in providing the incentive needed to actuate the CR. 
The analysis which Finch and Culler have made of the 
dual functioning of the US, and the evidence which they and 
Brogden have presented in its support, lend credence to the 
hypothesis which was presented at the beginning of this paper. 
In addition, when we recall the statement of Kellogg and 
Walker, that in their experiment, the change of shock from 
the right forepaw to the left forepaw served at first to facilitate 
CR’s of the right forelimb, the hypothesis receives further 
support. The hypothesis which is to be subjected to experi- 
mental interrogation then, is as follows: when left forelimb 
flexion-responses to shock have been conditioned and extin- 
guished, if shock is applied at another locus, will the old тер 
sponse be re-established and maintained, when it alone is 


instrumental in shock-avoidance? 


EXPERIMENTAL PROCEDURE ; 
Twenty mongrel dogs, secured from an unselected laboratory stock, and naive pin 
regard to all conditioning experiments served as subjects in this investigation. 


animals were placed in a stock within a light-shielded ee 
a one-way glass screen through which the experimenter mace n sofa Tes to 
in the stock, the wrist of each of the animal's limbs was attached eun With all 
a lever, which permitted vertical flexion of the extremity ҮТИ Е in of a bell 
* animals, left forelimb flexion, evoked by shock, was conditioned to the КЕША а CR 
"The shock circuit was automatically broken whenever flexion Em controlled Ъу а 
was rewarded by shock-avoidance. The stimuli Pe Е en was 2 seconds 
telechron motor which made each stimulus-sequence Dese ed ii 1/10 of a second. | 
"in duration and was followed immediately by shock which ты 7 ] 


* 
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"Twenty trials per day were given as the test-unit. When 100 percent conditioned 
flexion to bell was reached (20 shock-avoiding flexions to 20 presentations of the bell in 
one test-period), the twenty animals were divided at random into 5 groups of four 
animals each. In re-establishing conditioned left fore-limb flexion to bell, shock was 
applied at the following loci: right forelimb (Group I); right hindlimb (Group I I); left 
hindlimb (Group Ш); right thorax (Group IV); and left forelimb (Group V—controls), 
Shock when applied at these loci produced flexions of the limbs, and at the right thorax, 
a sudden inspiration and curving of the trunk toward the left. When left forelimb 
flexion had been re-established to the 100 percent response-criterion, these experimental 
conditions were maintained for an additional 5 test-periods (100 trials) for each group. 
The intensity of the electric shock, whenever and wherever it was applied, was adjusted 
to that magnitude which just elicited an easily observable response. 

With this procedure then, the efficiency of 5 different loci of shock in re-establishing 
and maintaining conditioned left forelimb flexion can be demonstrated by comparing 
the data obtained from the 4 experimental groups with that obtained from the control 
group. ` 4 

Once this data had been obtained, the animals of Groups I, II, and III were treated 
in a manner such that their behavior might be compared with that of the dogs which 
were used as subjects in the experiments of Kellogg and Walker (7, 8). These authors 
conditioned right forelimb flexion in sixi dogs, extinguished and reconditioned this 
response, and then transferred shock to the left forepaw, observing the extinction of the 
right forelimb and the conditioning of the left forelimb, until the latter response had 
been conditioned to the criterion. Since in the present experiment, left forelimb flexion 
had been originally conditioned, extinguished, and then reconditioned (with change in 
shock-locus), the effective transfer situation occurs when flexion of the limb where 
shock has its new locus is made instrumental in shock-avoidance, rather than left fore- 
limb flexion. ‘The two experiments then become fairly similar in procedure and thus 
Permit comparison of results, 

With the animals of these groups then, shock was still applied to the new locus 
(Group I—right forepaw; Group II—right hindpaw; Group III—left hindpaw), but 
instead of conditioned left forelimb flexion resulting in shock-avoidance, shock followed. 


the extinction criterion was attained. Then the shock was transferred to the /eft fore- 
paw, and CR's of either the left forelimb or the right forelimb (Group I only), of the 
right hindlimb (Group II only), of the left hindlimb (Group IIT only) resulted in shock 
avoidance, This condition was continued until' conditioned shock-avoidance reached 
the 100 Percent response-level. This Score was attained when all the shocks presented 


in one test-period were avoided, it making no difference whether by flexion of the left 


forelimb or by flexion of the other appropriate limb. 


QUANTITATIVE Resutts 


Except for two cases in which left forelimb flexion could 
not be reconditioned to the criteria] level, conditioned left fore- 


when it was applied directly to the left forepaw. The data for’ 
all animals and for each group are given in Table I. . 
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The four animals in Group I, which were shocked on the 
right forepaw, responded to the bell with conditioned flexions 
of the left forelimb. At no time did these animals respond 


‚with right forelimb flexion to the CS. Reconditioning of the 


left forelimb response proceeded rapidly, the group attaining 
the criterial performance of roo percent CR in a mean of 
3.75 T-P* (тм = 0.39 T-P). The control animals, Group V, 
where the locus of shock was unchanged, reached the criterial 
level in a mean of 3.25 T-P (см = 0.70 T-P). The difference 
between these two means, o. 50 T-P (таш. = 0.80 T-P), when 
subjected to Fisher’s test of the significance of differences 
between small samples (3), is found to be without significance. 
Such a difference as this might be expected by chance 29 out 
of 100 times. Turning now to the effectiveness of right fore- 
paw shock in maintaining conditioned left forelimb flexion 
once it has been re-established, one finds that the mean fre- 


quency of response for the 5 test-periods after the criterial 


performance to be 94-25 percent (om = 1.32 percent) for 
Group I and 95.75 percent (тм = 0.97 percent) for Group V. 
The difference between these means, 1.50 percent (таи. 
= 1.64 percent), has a $ value of 0.20. Therefore, once con- 
ditioned left forelimb flexion has been established and extin- 
guished, change in the locus of shock from the left forepaw to 
the right forepaw results in no difference in the reconditioning 
and maintenance of conditioned left forelimb flexion. 

T Change in the locus of shock from the left forepaw to the 
right hindpaw produced Similar results. Reconditioning of 
left forelimb flexion proceeded rapidly, with no right hindlimb 
flexions occurring to the CS at any time. The animals of 
Group II required a mean of 4.00 T-P (см = 0.57 T-P) for 


ontrol group are 0.75 T-P (таш. 
nt (таш. = 1.24 percent), the re- 
* T-P—abbreviation for test-period. 
“Тһе ratio of any difference to its own standard error is called ¢, With the t value 
one can enter ‘Student’s’ tables and find the p value, When р is 0.02 (which signifies 
that the difference in question might be expected twice in 100 samples drawn at random 


from a homogeneous Population) or less, the diff i igni 
que " ‘erence is regarded as significant. 
When р is greater than 0.02, the difference is not significant. 3 . s , 
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spective р values being 0.23 and 0.35. Therefore, right 
hindpaw shock is as effective in the re-establishment and main- 
tenance of left forelimb flexion as is left forepaw shock. 

With the left hindpaw as the locus of shock, not all of the 
animals of Group III attained the criterial level of conditioned 
left forelimb flexion. The immediate effect of left hindpaw 
shock with animal number 11 was to recondition left forelimb 
flexion. The CR-frequency was 75 percent for the first test- 
period and 9o percent for the second, but thereafter it declined 
(Table I). On the sixth test-period, left hindlimb flexion 
became conditioned. By the tenth test-period, flexion of 
either or both the left forelimb and left hindlimb was evoked 
by the CS, but since there seemed little likelihood of recon- 
ditioning left forelimb flexion to the criterion, work with this 
animal was not continued. The other three animals of this 
group, however, reached the criterion rapidly, without once 
giving a CR of the left hindlimb. If the data of animal num- 
ber 11 are omitted, these three animals reached the criterial 
performance in a mean of 2.00 T-P (тм = 0.00 T-P) and gave 
a mean CR-frequency of 98.00 percent (тм = 0.81 percent). 
Comparing these means with those of Group V, differences of 
1.25 T-P (таш. = 0.70 T-P) and 2.25 percent (таш. = 1.26 
percent) are obtained, with p values respectively of 0.07 and 
0.06. For these three animals then, left hindpaw shock is as 
effective in re-establishing and maintaining left forelimb flex- 
jon to the bell as was left forepaw shock for the control ani- 
mals. While animal number 11 did not reach the criterion 
set up for the re-establishment of conditioned left forelimb . 
flexion, it did on the second test-period give a CR-frequency 
of go percent. The data of this animal do not then contradict 
seriously the generalization that shock applied to the left 
hindpaw is as effective in the re-establishing and maintaining 
of left forelimb flexion as is shock to the left forepaw. In all 
probability, some uncontrolled factor or factors in the experi- 
mental situation, of which the experimenter was unaware, are 
responsible for the behavior of animal number 11. 

As with Group III, one animal in Group IV (number 14) 
failed to respond to the CS with left forelimb flexion. At the 
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end of the tenth test-period the picture was still the same; 
bell paired with shock to the right thorax had completely 
failed to re-establish conditioning of the left forelimb. Nor 
did this procedure produce a conditioning of trunk curvature 
or altered respiration, UR’s produced by the thoracic shock. 
These responses were never evoked by the CS with the re- 
maining three animals of this group. Instead, with shock 
applied to the right thorax, the criterial response of left fore- 

' limb flexion was attained in a mean of 5.33 T-P (см = 0.88 
Т-Р) and they gave a mean CR-frequency of 96.33 percent 
(cm = 1.39 percent). When these means are compared with 
those of Group V, differences of 2.18 T-P (саш. = 1.12 T-P) 
and 0.58 percent (сан. = 1.69 percent) are obtained, with 
respective р values of 0.06 and 0.38. For these three animals, 
shock applied to the right thorax is as efficient in the recon- 
ditioning and maintenance of left forelimb flexion as was left 
forepaw shock for the control animals. But with the absolute 
failure of shock at this locus to recondition left forelimb flexion 
in animal number 14, it is evident that shock to the right 
thorax is not as effective as shock to the left and right fore- 
paws, and the left and right hindpaws in the reconditioning 
and maintaining of left forelimb flexion to bell. 

With left forelimb flexion no longer instrumental in shock- 
avoidance, CR’s of the limb where shock was applied soon 
developed (Table ID. Left forelimb flexion was completely 
extinguished in five cases (animals number I, number 3, num- 
ber 4, number 9, and number 10) by the time conditioning of 
the other member had reached the roo percent response- 
criterion. There was either no extinctio: 


animals in the experiment by Kellogg and Walker exhibited 
ambiguous conditioning.’ бо, it seems that approximately 


half of any random sample of dogs exhibit this phenomenon, 


when the shock is transferred from one limb to another, and 
CR’s of the second limb 


R' are made contingent for shock- 
avoidance. 
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With Group 1, the conditioning of right forelimb flexion 
required the same amount of time as the original conditioning 
of left forelimb flexion, the difference between the means 
being 1.50 T-P (таш. = 3.21 T-P), with a p value of 0.46. 
Similarly, with Group II, the conditioning of right hindlimb 
flexion required approximately the same number of test- 
periods as the original conditioning of left forelimb flexion; 
the difference between the means was 3.50 T-P (таш. = 1.79 
T-P), with a р value of 0.05. With Group III, the difference 
between the mean time required for conditioning of the left 
hindlimb and the original conditioning of the left forelimb, 
4.66 T-P (саш. = 1.93), is somewhat greater, but with a р 
value of 0.03 is not a significant difference. (See Tables IT 
and III for further data on this question.) This result, of 
equality in time required in the transfer of conditioning and in 
time required for original conditioning, is contrary to that 
obtained by Kellogg and Walker (8). They found that more 
trials were required for the original conditioning of right fore- 
limb flexion than in the transfer to conditioned left forelimb 
flexion. 

These authors also found that the reconditioning of right 
forelimb flexion took fewer trials than either the original con- 
ditioning of right forelimb flexion or the transfer to left fore- 
limb flexion. Similar results were obtained in the present ' 
experiment. Reconditioning of left forelimb flexion with | 
shock at some other locus required significantly fewer trials 
than either the original or transfer conditioning with all 
groups. (Table III). Тһе p values of all differences between 
the means for each group were less than 0.02. | 

The extinction of conditioned right forelimb flexion re- 
quired significantly fewer trials than did the extinction of 
left forelimb flexion for the animals of Group I. The differ- 
ence of 3.00 T-P (таш. = 1.06 T-P, ) has a p value of d 
On the other hand, with Groups П and III, the extinction о 
left forelimb flexion and of right and left hindlimb flexion 
required about the same number of trials. The p 
between the means of Group II (0.50 T-P; Фаш. = 2.02 ^7 ) 
and of Group III (2.33 T-P; саш. = 5.58 T-P) have respective 
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" TABLE Ш à 


The relative difficulty of original left forelimb conditioning (o), left forelimb 
reconditioning after extinction (R), conditioning of the response produced by shock at 
the new locus (T), and the reconditioning of left forelimb flexion with the return of 
shock to the left forepaw (2R) is given. The original extinction of the left forelimb 
flexion-response (E) and the extinction of responses established by shock at the new 
locus (2E) are also compared. All scores are in terms of the number of test-periods 
required to reach the specified criterial performance. The figure in parenthesis after 
each group mean is its standard error. 


D — OO — —M 


Group 


Shock-locus 


Animal 


№ values of o.41 and 0.35. (See Tables IT and III for further 
data on this question.) 

When after extinction of the transferred CR, the shock 
was returned to the left forepaw, and either left forelimb 
flexion or flexion of the limb which had just been extinguished 
were instrumental in avoiding shock, ‘conditioned left fore- 
limb flexion was dominant. Та all but one case, left forelimb 


d 


РТА 
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flexion was rapidly reconditioned and reached the response- 
criterion within a few test-periods (see Tables II and III). 
Animal number ro gave a 100 percent left hindlimb CR on the 
second test-period of bell with shock to the left forepaw, with- 
out giving any conditioned left forelimb flexions at all. The 
animals of Groups II and III were reconditioned in the same 
number of trials as in the first reconditioning, but with sig- 
nificantly fewer trials than in the original or transfer condi- 
tioning (see Table III). This same result is true of the 
animals of Group III, if we consider the reconditioning of left . 
hindlimb flexion in animal number 10 when shock was applied 
to the left forepaw, to be functionally equivalent to the recon- 
ditioning of left forelimb flexion in the other two animals. 
‘Ambiguous conditioning’ occurred in all but four of the . 
animals during reconditioning with shock returned to the left 
forepaw. Of the ten animals in which left forelimb flexion 
was reconditioned to the criterial level, all but two made no 
CR's during the last test-period of other than the left fore- 
limb (Table II). Once two flexion responses of different 
limbs have been conditioned to the same stimulus, the locus 
of shock serves as.a stimulus for a dominant response to the 
CS of the limb to which it is applied. — | \ 
The present writer agrees with the formulation of | 
T НК А, Е Б 2 
biguous conditioning’ given by Kellogg and Walker. Am: 
ivati t of the shock may be ~ 
5 Kellogg and Walker (8) suggest that the motivating WU o may 
independent of its locus of application on the skin and that ‘ambiguous lua d 
might be expected to continue as long as there was any shock at all—no matter wi ge 
it was applied, They suggest that such an implication follows from the work of das 
and Culler (3) and Brogden and Culler (1), who maintained conditioned right peim : 
flexion to higher order stimuli by means of shock applied to the left thorax as a cons je 
incentive. Such an implication does not follow from the work of a До х i 
In the first place, thoracic shock was never paired with stimuli oi: spun. ü 
with shock to the right forepaw. In the second place, pasting а 9 ИГУ 
stimulus with thoracic shock was not immediately successful in ies кч 
right forelimb flexion to the second order stimulus. | T here was no pardus Cif 
{ to indicate that the motivating effect of the shock is Be aes ie Я е AR а ў 
plication in reinforcing right forelimb flexion to the higher оше UE D ding shock 
with training and when right forelimb flexion was made peii in yer ве 
р to the left thorax that the higher order responses were elaborated- 


à investigation has clearly shown, the motivating effect of shock is independent of its . 


icatii i (left forelimb flexion) is 
1 f application, only when some particular response 
тор осу. ii Шода of shock at that locus (loci other than the left forepaw). 


fam- 
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biguous conditioning’ is a case of slow or delayed transfer, 
and prolonged shock-stimulation of one limb, if flexion of this 
limb is instrumental in Shock-avoidance, would cause the re- 
sponse of the first conditioned limb to disappear. 


Discussion 


The experimental evidence clearly substantiates the hy- 
pothesis proposed in the introduction of this paper. If left 
forelimb flexion to shock is conditioned and then extinguished, 

‚ the CS will evoke the extinguished CR when it is paired with 
shock at a new locus and when left forelimb flexion alone is 
instrumental in shock-avoidance. Also, once reconditioning 
has taken place through the application of shock at a new 
locus, conditioned left forelimb flexion is maintained by shock 
at its new locus as effectively as by left forepaw shock. Loci* 
of shock which were effective are: right forepaw (Group I), 
right hindpaw (Group II), and left hindpaw (Group III). 
While left hindpaw shock did not produce re-conditioning of 
the left forelimb to the criterial level in all the animals of 
Group III, the one failure, animal number 1 I, did attain a 90 
percent response on the second test-period, before left hind- 
limb flexion to bell made its appearance. Shock to the right 
thorax was not as effective as were other loci of shock. One 

. animal in Group IV failed completely to give conditioned left 


sponse, even though these stimuli have never been used in the 


: This generalization is usually con- ; 
fined, or at least is more Pronounced, within the sense modality i 


"y 


ч * y 
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of the CS. Hilgard and Marquis (6) have applied the term 
sensory generalization’ to this process to differentiate it from 
response generalization, where a stimulus which through train- ' 
ing has come to elicit a particular response, may under some ў 
circumstances, evoke a different response without particular 
training. Sensory generalization is a generalization of stim- 
uli which evoke a definite pattern of response. Since eliciting 
a response of a certain character is one of the functions of the 
US, which through conditioning is taken over by the CS, why 
should there not be a generalization of the other function of 
the US, that of providing the incentive for response? With ` 
conditioned flexion, shocks of varying intensity (and quality?) 
are effective in maintaining conditioning. With conditioned 
salivation, different amounts and different kinds of food are 
. likewise effective in maintaining conditioning. This is cer- 
tainly evidence of generalization, a sensory generalization. 
With change in the locus of shock, when left forelimb flexion 
is re-established and maintained as effectively as when the 
shock-locus is unchanged, we have still further evidence of 
generalization. Sensory generalization shows a gradient; the 
less the similarity of the stimulus to the CS, the less the 
magnitude or frequency of the response which it evokes, No 
such generalization gradient occurred with different loci of 
shock in reinforcing conditioned left forelimb flexion." While 
the generalization of reinforcement with change in shock locus 
is certainly a sensory generalization, it differs in propre 
respects from the phenomenon which is usually designated y 
this term. First, the functions of the stimuli are different. 
With sensory generalization, the generalization is one of stim- 
uli which evoke a definite response-pattern. With change D 
shock-locus, the generalization is one of reinforcement, o 
intaini i ttern. Secondly, with sen- 
maintaining a definite response-pat EE o 
sory generalization, there is a gradient of cece 4 ead 
or frequency. With change in shock-locus, t Бај 2 pu 
* While shock applied to the left hindpaw and the right thorax might be conside 


less efficient than shock applied to the left arid right oon iU dc runde 
since one animal each from Groups III and IV failed in. е m dus vn 
limb flexion, there is no evidence of a gradient a0 terms of sp: 
respect to the left forepaw as the point of origin. " 
n (CL 
t 
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sponse-gradient. Therefore, instead of treating the func- 
tional equivalence of shock at loci other than the lef t forepaw 
in reconditioning and maintaining left forelimb flexion as a 


‚ sensory generalization, let us designate it an incentive generali- 


zation. 

Incentive generalization is equally as important as either 
Sensory or response generalization. It is difficult to demon- 
strate this for animal behavior, as the number of stimuli 
which function as incentives is much more limited than those 
stimuli which function as signals. This is particularly true 
of the laboratory environment. It is not so true of human 
behavior, where the large number of stimuli which function 
as incentives do not make the disparity between stimuli, 
which function’ as signals and as incentives, obvious, if such 


` a disparity exists here. 


One particular CR of a human organism may have been 
originally reinforced by punishment applied directly to the 
Tesponding member. But once the CR has been firmly estab- 
lished, or even before, punishment may be applied at many 


the verbal threat of punishment, or some expression of social 
disapproval, either of which may take many forms, will 


ment was some specific form of reward, will also show incentive 
generalization. If the reward was at first some specific food, 
other preferred foods will also function as incentives. Money, 
Permission to go to the Movies, different forms of social ap- 
Proval may all function, without specific training, as incen- 
tives in maintaining some Specific CR of a child. 


more important and widespread Process with humans than- 
with animals, d 


| 
| 


. "were instrumental in shoc 


у 
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Summary оғ CONCLUSIONS 


I. When left forelimb flexion ‘to shock has been condi- 
tioned to the ringing of a bell and then extinguished, shock 
applied to other loci (right forepaw; right hindpaw; left hind- 
paw; and right thorax) is as effective in the reconditioning of 
left forelimb flexion to bell as is left forepaw shock, if left fore- 
limb flexion alone is instrumental in shock-avoidance. 

2. Once left forelimb flexion has been reconditioned to the 
criterial level with shock at other loci, conditioned left fore- 
limb responses are as effectively maintained with shock at 
these loci as with shock applied to the left forepaw, when left 
forelimb flexion alone is instrumental in shock-avoidance. 

3. The reconditioning and maintenance of left forelimb 
flexion with shock at other loci is indicative of a generalization 
of the incentive-function of the US. This phenomenon is des- 
ignated, therefore, as incentive generalization, to differentiate 
it from sensory generalization and response generalization. 

4. An equal number of test-periods was required in the 


original conditioning of left forelimb flexion and in the condi- 


tioning of the flexion-response evoked by shock at its new loci, 
when flexions of these members were made the instruments of 
shock-avoidance (Group I—right forelimb flexion; Group II— 
right hindlimb flexion; Group III—left hindlimb flexion). 

5. With six of the eleven animals, there was either no 
extinction or incomplete extinction of left forelimb flexion by 
the time conditioning of the other member had reached the. 
IOO percent response-criterion, so they exhibited the phe- 
nomenon of *ambiguous conditioning." 

6. Reconditioning of left forelimb 
some other locus required significantly 
the original or transfer conditioning. V Tg 

7. The extinction of the transfer conditioning ir 
either significantly fewer or an equal number of tríals to the 


extinction of left forelimb flexion. 

8. When after extinction of the transferred CR, the shock 
was returned to the left forepaw, and either left forelimb 
flexion or flexion of the limb where shock had been applied, 
f k-avoidance, conditioned left fore- 


flexion with shock at 
fewer trials than either 
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limb flexion was dominant. Reconditioning under these con- 
ditions required the same number of trials as the original re- 
conditioning of left forelimb flexion, and significantly fewer 
trials than original left forelimb conditioning and transfer 
conditioning. 

9. ‘Ambiguous conditioning’ occurred in all but four of 
the eleven animals during reconditioning with shock returned 
to the left forepaw. The phenomenon of ‘ambiguous condi- 
tioning’ is considered to be a case of slow or delayed transfer, 
where prolonged shock-stimulation of one limb, if flexion of 


this limb is instrumental in shock-avoidance, would cause the 
response of the limb first conditioned, to disappear. 


(Manuscript received June 28, 1940) 
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THE MEASUREMENT OF MASKED 
AUDITORY THRESHOLDS 


BY DON LEWIS AND M. J. LARSEN 
State University of Iowa 


A program of research has been undertaken for the ex- 
plicit purpose of investigating timbre as it relates to harmonic 
structure, frequency level, and intensity level. This first re- 
port of the work deals mainly with the measurement of masked 
thresholds, although it includes, of necessity, a description of 
apparatus and a brief discussion of problems of measurement. 

Data are to be presented on what can appropriately be 
called masked absolute thresholds and masked differential 


1 It should be stated, at the outset, that a satisfactory definition of timbre has not 
been formulated. In fact, with knowledge of timbre as fragmentary as it is, a definition 
other than a negative one must be largely conjectural. To say, as is so often done, that 
timbre is conditioned by harmonic structure, frequency level, and absolute intensity is 
not to define timbre psychologically. Perhaps the most meaningful definition that 
can be offered, for the present, is as follows: Timbre is that attribute of auditory ex- 
perience by means of which tones, alike in pitch, loudness, and duration, and yet dis- 
similar, are differentiated. But a pertinent question remains unanswered: Differen- 
tiated in what respects? All that the definition states is that there are differences in 
timbre and that timbre is not pitch, loudness, nor duration. It does not state the 
dimensional or classificatory bases of discrimination. É | 

The basic difficulty seems to arise from the fact that timbre, unlike either pitch or 
loudness, is multi-dimensional. (In its dimensional characteristics, timbre is somewhat 
analagous to hue in vision.) Naive descriptions of various complex tones typically 
include such words as rich, hollow, harsh, thin, dull, shrill, bright, etc., etc., but the 
descriptions are seldom consistent from one observer to another; and even when ob- 
servers who are musically as well as psychologically sophisticated are asked to pr 
Various complex tones, they usually fail to show satisfactory agreement in their use o! 


*colorful? terminology. i ‘a 
Despite Bis of this type, it is known that modifications in the MUN 
structure of complex tones give rise to experiential changes which are agn rom 
changes in either pitch or loudness. "These changes are to be regarded as changes in 
timbre; and even though timbre cannot as yet be given a satisfactory definition, meas- 
urements can be made of the amount of change in harmonic structure which р TT 
to induce perceptible differences among complex tones. Measurements of й n in 
are reported here. "The results of the measurements should have an important Rene 
on problems relating not only to the definition but also to the systematic analysis o 


timbre. 
601 
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thresholds. The meaning of these two terms can probably 
best be indicated by the use of a specific illustration, Fig. 1 
is a graphic representation of one of the complex tones which 
have been investigated. In the figure, intensity level (db. 
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above тот“ watt) is plotted against frequency. Harmonic 
number is also shown on the abscissa. As indicated, the 
fundamental frequency was 130 cycles. Harmonics I to V, 
inclusive, were each set at an intensity level of 60 db. These 
Were the masking harmonics. The first experimental problem, 
for the specific series here illustrated, was to measure the in- 
tensity level at which harmonic VI could barely be detected 
in the presence of the five masking harmonics. This intensity 
level would be the masked absolute threshold of harmonic VI. 
: More generally, when a single harmonic is adjusted in in- 
tensity level until it is barely perceptible in the presence of 


phase angle. Harmonic VI was the masked harmonic. 
The broken-line portion of the open vertical bar in F ig. 1 
Tepresents a masked differential threshold of harmonic VI. 
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In this case, the first differential step is depicted. In general, 


a masked differential threshold of a given masked harmonic is 
the amount (in db) that the harmonic must be raised, after 
it is already at or somewhere above its masked absolute 
threshold, to give rise to a just perceptible change. The 
number, intensity levels, and phase angles of the masking 


harmonics, as well as the level of the masked harmonic at’ 


which measurement is made, must always be indicated. For 
specified intensity levels and phase angles of a specified group 
of masking harmonics, there can be only one masked absolute 
threshold of a given masked harmonic, but there can be many 
different masked differential thresholds. 

It is obvious, for example, that masked differential thresh- 
olds of harmonic VI could be measured for various levels above 
its masked absolute threshold. It is also obvious that both 
masked absolute and masked differential thresholds could be 
measured for any other harmonic in the group. For example, 
thresholds for harmonic I could be determined when har- 
monics II to VI, inclusive, were the masking harmonics; or 
thresholds for harmonic III could be measured when har- 
monics I, II, IV, V and VI were the masking harmonics. It 
would not be necessary to use five masking harmonics because 
any other number could be chosen within the limits placed by 
the available apparatus. Nor would it be necessary to set 
the masking harmonics at 60 db and have them the same in 
intensity level. Furthermore, the phase angles of the masking 
harmonics could be adjusted in many different ways. In 
masking experiments with complex tonal stimuli, all pea 
on the number, intensity levels, and phase angles of the Rn 
ing harmonics which are used must be quite arbitrary. | 
might even be desirable to control the sensation level or the 
loudness level of the masking harmonics instead of their in- 
tensity level. For purposes of the investigation PCR. in 
this paper, it was arbitrarily decided to use five masking har- 

i | i in both intensity level and 
monics, all of which were the same in bo СОИ 
phase angle. The fundamental frequency was arbitrary 


at 130 cycles. Lean 
În йе determination of threshold values, a modification 
m 
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of the method of constant stimuli was employed. Any given 
stimulus tone had a duration of about 3.0 secs., and consisted 
of two parts: a standard portion and a variable portion, each 


about 1.5 
to the two 


secs. in duration. Judgments were made in relation 
portions of each stimulus tone. When masked ab- 


solute thresholds were being measured, the standard portion 


of the stimulus tone consisted of five masking harmonics, 


while the variable portion consisted of the same masking 
harmonics plus some amount of the harmonic whose threshold 
was being determined. For example, for the case illustrated 


“їп Fig. 1, 
inclusive, 


the standard portion consisted of harmonics I to V, 
all at an intensity level of 60 db and all in phase, 


The variable portion consisted of these same five harmonics 


plus a de 


sired amount of harmonic VI. When masked dif- 


ferential thresholds were being determined, the standard por- 
tion consisted of the masking harmonics and a desired above- 


threshold 


amount of the harmonic being explored, while the 


variable portion was the same except that the harmonic being 
explored was at a different level. It will be convenient, in 
the following exposition, to refer to the particular harmonic 


whose thr 


esholds were being measured as the mashed harmonic. 


‚ The generator used in the investigation was constructed 
$0 as to permit as many as five different intensity levels of 
the masked harmonic to be set in advance for an observational 
series; and roo stimulus tones, in which the variable portion 
‘occurred at random (that is, sometimes before and sometimes 


after the 


standard portion), could be presented more or less 


automatically for a single run, F: ig. 2 is a schematic repre- 
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of the stimulus situation. Two consecutive stim- 
with a period of silence between them. 


In the tone Tepresented at the left, the variable portion fol- 


lows the standard porti 


Оп; in the tone at the right, the se- 
reversed. Each stimulus tone began and ended 
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gradually but quickly so as to avoid audible transient effects, 
and the transition from the standard portion to the variable 
portion, or vice versa, also occurred without perceptible clicks. 

The actual sound source’ was a calibrated 555 Western 
Electric receiver. Ап observer.listened monaurally and made 
a judgment on each stimulus tone. He judged whether the 
masked harmonic was present in the first or the second half 
of the stimulus tone (or, during the measurement of masked 
differential thresholds, whether the masked harmonic was 
louder in the first or second half of the tone). It was usually 
necessary to provide for a short training period during which 
the observer listened to differences which were well above 
threshold and became familiar with the particular type of 
change which characteristically occurred when a particular 
harmonic was being explored. 


APPARATUS 


The stimulus tones for the investigation were produced with a generator of the 
electrostatic type, the basic features of which have been described elsewhere (т). 
Inasmuch as а few important changes have been made since the original description 
was published, a short discussion of theory and of circuit arrangements will be given 
here. , i 
With the generator, it is possible to produce sounds constituted of any or of all of 
16 natural harmonics, the frequencies, intensities and phase angles of which are subject 
to control. Two schematic drawings are shown in Fig. 3. The 16 harmonics аге, 
generated independently by means of 16 variable condensers, the capacitances of which 
are varied systematically. When a rotor, connected de shown in the circuit at the 
bottom of Fig. 3, moves adjacent to a stator, à periodic change in capacitance e Pr 
duced. This change in capacitance causes an alternating current to flow through р 
circuit. The frequency of the alternations depends upon the rotational speed of the 
rotor and the number of segments on the rotor. When the resistance R is low as oe 
pared with the impedance of the variable capacitance, the current iis Sb Bd he 
potential E multiplied by the time-rate-of-change of the variable capacitance; that is, 


» i= Edddt. 


ial ch i i be amplified. It is important 
The potential changes across the input resistance may n ny ple | 


to note that the grid potential, and hence the amplifier output 


to Е. $ 7 
By means of properly designed rotor and stator units and by means i nee 

methods which effect a definite and rather sharply defined flux pattern between р 
llify external disturbances, a reasonably 


rotor and stator and which, at the same time, nul a 
pure sinusoidal current is generated with each of the 16 variable condensors. All of the 


indivi ith an electrical analyzer. These 
16 harmonics have been analyzed individually wit 
analyses reveal that in harmonics I to VI, inclusive, there are no stray components 
» 
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above — 40 db, with one exception, The exception is in harmonic I where there is a 
stray 3rd whose level is — 32 db? In harmonics VII to XVI, inclusive, for which 
multiple stator segments are used, there are no stray components above — 54 db. 
The subharmonics and spurious frequencies which may be caused by mechanical and 
‘acoustical vibrations are all below — 54 db. . The noise level of the amplifying system 
is about 70 db below the usual operating level. 


GRID CONTROL 


POTENTIAL CONTROL 


Fie. 3 А 


the first six generating units, wi T s ertet on the Stator side of each of 
ponents above about — 50 db 
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A schematic diagram of the generator with its control circuits is shown at the top 
of Fig.3. Thesingle generating units (Hi, Hs, Hs . . . Н) are represented as variable 
condensers. Two methods, both separate from amplifier gain, are used to control the 
intensity of the individual harmonics. One method is to vary the input resistance of a 
harmonic through the shielded potentiometer Rg, which has a number of fixed taps and 
which is calibrated in fairly large decibel steps. This method is a ‘grid control’ of 
intensity. The other method of controlling intensity is to vary the potential on the 
rotor plates, This method gives the ‘potential control’ of intensity. The potential , 
D board permits variations through so steps of two percent each. The effective range in 

intensity for the method of grid control is 46 db, and for the potential control, 34 db. 
The total range of control for any selected amplification level is, therefore, 80 db. for 
each harmonic, 

+ "The output of the amplifier is led into a calibrated 555 receiver. The current 
through the receiver which is needed to produce desired intensity levels of individual 
harmonics is measured with a vacuum-tube voltmeter placed across a ten-ohm resist- 
ance connected in series with the voice coil of the receiver. 

An electronic switch, which controls the potential supplied to the rotors, is used to 
avoid undesirable transient effects when the stimulus tone is turned on and off. The 
tone is caused to begin and end gradually but quickly. A diagram of the switch is 

_ shown in Fig. 3. In the construction of the switch, use was made of changes which 
arise in direct-current resistance between the cathode and plate of a triode when grid 
bias is varied. When S; is open, the tube is biased below its cut-off point; which means 
that there is no electron flow from cathode to plate and, consequently, no potential 
difference across Ry. On the other hand, when S; is closed, the grid is positive with 
respect to the cathode, and the resistance between cathode and plate becomes quite 
small as compared with the resistance of Ry, which is 50,000 ohms. Under these cir- 
cumstances, the potential across Ry is essentially that of the battery supply. The rate 
of change in grid bias, and thus the time constant of the electronic switch, may be 
regulated by variations in Rı, Аз and Cj. As used, the switch has a time constant of 
6.15 sec. This time constant is sufficiently short so that the observer does not hear the 
stimulus tone as beginning and ending gradually, and yet it is sufficiently long to 
eliminate all perceptible transient effects. The electronic switch is turned on and off by 


means of a perforated moving tape, through the auxiliary switch 51. 


The perforated moving tape also operates switches Sz and Ss. Switch S, is the 

master switch. It determines when the stimulus tone begins and when it ends, 

Switch Ss is used to select, fora given stimulus tone, one of five pre-set potentials 

(A, B, C, D and E) which is applied to the rotor plate of the masked harmonic. For 

illustrative purposes, H3 is shown in the diagram as the masked harmonic. Switch 

Sa determines whether the potential is applied to the rotor of the masked harmonic 

| during the first or the second half of the stimulus tone. When $,15ореп,їһегоїогоЁ the 

masked harmonic assumes potential P, which may be at ground (as it is during deter- 

minations of masked absolute thresholds) or at some fixed value (as it is when masked 

; differential thresholds are being explored). Sz is either opened or closed at the middle 

E ofeachstimulustone. Possible ‘clicks’ arising from the action of $; are made inaudible 
by the use of R; and C;. 
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EXPERIMENTAL RESULTS 


Masked Absolute Thresholds 
The first part of the investigation was concerned with the 


` measurement of masked absolute thresholds (m.a.t.’s). The 


* 


m.a.t. of each of the six harmonics’ was measured when it 
‘was sounded in the presence of the other five. Thus, six 
separate determinations of m.a.t. were called for. 

T'wo observers were used, each of whom, while listening 
monaurally, judged whether the particular masked harmonic 
under investigation was present in the first or second half of 


' the stimulus tone. The results for the two observers were 


never combined. To provide for fairly stable psychometric 
functions, the observers each made at least 400 (and usually 
as many as 600) judgments on each masked harmonic; that is, 
they each made from 80 to 120 judgments on each masked 
harmonic when it was set at each of five different intensity 
levels. 

The m.a.t/s were computed by linear interpolation. 
"They were calculated as the intensity levels corresponding 


- to the points where the various psychometric functions crossed 


‘observers. Values of m.a.t. 


the 75 percent line. Two typical functions (one for each 
observer) are shown in Fig. 4, where correct responses in 
percent are plotted against intensity level. The data were 
secured on harmonic VI. The experimental values are repre- 
sented by dots, each value being based upon 120 judgments. 
The two vertical arrows indicate the intensity levels which 
correspond to the points where the functions cross the 75 per- 
cent line, the latter being designated by the horizontal arrow. 
The indicated intensity levels (33.5 and 38.0 db. for observers 


A and B, respectively) are, by definition, masked absolute 
thresholds.. - 


The results of the thre: 


shold determinations 
in Fig. 5. There is a s are presented 


€parate graph for each of the two 


: / are represented by the tops of 
\the solid portions of the vertical bars. For Es E er 


* Harmonics I to VI, inclusive. As indicated alread 
was 130 cycles, all of the harmonics were in phase, and E 
each instance, had intensity levels of 6o db. ^ 


the fundamental frequency 
the five masking harmonics, in 
* 
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H 


B's threshold for harmonic VI was about 38 db.‘ (See the 
"upper graph.) His threshold for harmonic III was near the 
same level; for harmonic I, slightly below it; and for the other 
three harmonics, somewhat above. On the whole, the thresh- 
olds for observer A were lower than those for B. 

Тһе open portions of the various vertical bars іп Fig. 5 
are used to depict thresholds of audibility. The threshold of 
each harmonic was measured when it was presented alone, in 
the absence of effective masking. This threshold is the 
threshold of audibility, by common definition. The values 
are given by the tops of the open portions of the bars. Тһе 
vertical extents of the solid portions of the bars are; therefore, 
representative of the sensation levels of the various har- 
monics when they were at their m.a.t.’s.® 4 

The method employed in the measurement of thresholds of 
audibility should be indicated. Harmonic XVI, whose fre- 
quency was 2080 cycles, was used to delimit typical stimulus- 
tone periods. (See Fig.2.) It sounded throughout successive 
stimulus periods, at a sensation level of about 10 db. It was 

' faint but still sufficiently steady to define each period clearly. 
Its frequency was believed to be high enough to prevent any 
masking of the other harmonics. The particular harmonic 

_whose threshold of audibility was being measured was pre- 
sented randomly at desired levels, during either the first or 

i the Second half of the stimulus periods; and the observer 
judged its position. In this way, thresholds of audibility 

were determined quite exactly, and the method of measure- 


ЖАК. H 
ment Was directly comparable to the method of measuring 
m.a.t.'s, 


The results presented in F ig. 5 are 
The change in the threshold of audibili 
in keeping with the findings of other 
differences in masked absolute threshol 
"There were reasons (the general natu 


not easy to interpret. 
ty with frequency was 
investigators, but the 
d were rather puzzling. 
te of masking, etc.) for 


with each set at 60 db, — in the presence of masking harmonics I to V, inclusive, 
* The sensation level of am 


any sound is th i ^ Moy aed 
exceeds its intensity at the threshold of pe: ба db) by which its intensity 
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expecting the m.a.t.’s of the harmonics in the middle of the 
series (III and IV, say) to be greater than those of harmonics 
I and VI. The results for observer В were more or less in 
line with this expectation, but those for A were not. The ex- 
planation for the fact that A's threshold for IV was the lowest 
of all, or for the fact that his threshold for VI was lower than 
that for V, could not be given in terms of simple masking 
theory. 

It was thought possible that the magnitudes of the m.a.t.'s 
were conditioned, at least in part, by the specific action of 
subjective (or aural) harmonics. If, as is generally believed, 
subjective. harmonics are due to actual vibrations in the 
cochlea, then such vibrations must have frequency, magni- 
tude, and phase. Thus, it may be supposed that when a 
certain harmonic was introduced into a group of masking 
harmonics, interference between this harmonic and a corre- 
sponding subjective component occurred. It follows that the 
interference was either constructive or destructive in type, 
depending upon the phase relationship between the two inter- 
fering components. Suppose, for example, that masking har- 
monics I to V, inclusive, gave rise to a subjective harmonic 
VI having a certain magnitude and phase. When harmonic 
VI was introduced for purposes of measuring its m.a.t., there 
was bound to be interference between objective VI and sub- 
jective VI. The amount and kind of interference, and con- 


sequently the magnitude of the m.a.t. of harmonic VI, were, ' 


of necessity, some function of the phase relationship between 
the two VI's, the one objectively introduced and the other, 
subjectively generated. 

As a means of evaluating the foregoing conjectures, it was 
decided to measure the m.a.t. of a selected harmonic as a 
function of its phase angle. The stimulus conditions were 
different from those described above. The nature of the 
standard portion of the stimulus tone is indicated by the solid 
vertical bars in Fig. 6. Harmonics II to VI, inclusive, were 
‘the masking harmonics. They were in phase and each was 
set at an intensity level of бо db. The problem was to meas- 
ure the m.a.t. of harmonic VII as a function of its phase angle. 
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The purpose in using this altered stimulus condition was to 
find a combination of masking harmonics which was free from 
crucial stray components. In the altered Stimulus, with har- 
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monic I eliminated, there was not detectable amount of a 
stray VII. Consequently, the m.a.t. of VII could be meas- 


ured without the possibility of €ncountering spurious inter- 
ference effects, that is, interference effects due to a stray VII 
in the stimulus, 


The results of the measurements are рї in Fi 
Blven in Fig. 7. 
Masked absolute threshold (of harmonic VII) is diced 


: degrees, Seven separate 
nations Were made for each of the two ob- 


judgments entered into the com- 


- er Tt will 


ib ү, and at a phase angle of 180°. 

similar difference was found for ob ә 

thresholds were somewhat fignis Ken В, alt tough all of his 
Obviously, if there had been as ud eI for observer A. 


the stimulus tone, the m.at. of hy VII of fixed phase in 
varied as a function of its phases r 


it did, with the amount of yarı i angle in some g 
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nitude of the stray component. Because there was no de- 
tectable stray VII in the stimulus, the variations as found 
must be attributed to the interfering action of a subjective 
уп. | 


P 
e 


MASKED ABSOLUTE THRESHOLD 


0 60 120 180 240 300 360 
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It has been shown indirectly, then, that the m.a.t.’s pre- 

. sented in Fig. 7 were undoubtedly conditioned in part by the 
specific action of subjective tones. Unfortunately, there was 
no way of determining to what extent they were influenced 
by subjective tones, to what extent by stray components in 


E 6 That changes in m.a.t. with phase angle.are due basically to interference between 
| objective and subjective harmonics of the same frequency has been shown quite con- 
vincingly in two recent papers, one by Lewis and Larsen (3), the other by Lewis (2). 
Stimulus conditions were not the same as those described above, but they were com- 
parable. Both of the papers contain, in addition to confirming evidence on interfer- 
ence, a full description of a method which may be used in determining the magnitudes 
7 of subjective tones from phase-angle data on m.a.t.’s. The method need not be ex- 
plained here. However, its application to the data presented in Fig. 7 reveals that 
ы subjective harmonic VII had an intensity level of about 30 db for observer A and about 
32 db for observer B. А more exact way of putting it would be to say that the mag- 
nitudes of subjective VII were essentially equivalent to magnitudes which would have 
been induced in the ears of the two observers if objective VII had been presented alone 
(that is, in the absence of masking) at the two designated intensity levels. 
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the stimulus, and to what extent by ‘simple masking factors’ 
(that is, by *spread-out patches of disturbance’ along the 

» basilar membrane). There were stray components in the 
stimulus which, in intensity level, averaged around 14 db; 

and these surely played some part, although a relatively un- 
"important one, About all that can be said, by way of sum- 
mary, is that the m.a.t.’s were complexly conditioned, espe- | 

- cially by simple masking factors but also by specific interference " 

~ phenomena. Future investigations of the same general prob- ) 
_ lem should Provide, first, for the elimination of stray com- h 
ponents and, second (and more importantly), for a detailed j 
study of the effects of interference between subjective and 
"objective harmonics. 
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either at the level of its m.a.t. or at some higher level. In 
the variable portion of the stimulus tone, it appeared at one 
of five selected levels above its level in the standard portion. 
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' The results for harmonic VI are presented in Fig. 8, where" 
they are plotted in three different ways. In the left-hand 
graph, masked differential threshold in db is plotted against 
intensity level (db above 107 watt). There is a curve for 
each of the two observers. The measured values are repre- 
sented by dots, and these have been connected with straight 
lines. For each observer, the value of the first differential 
step is plotted at the level of the m.a.t. Because the m.a.t.’s 
for the two observers were not the same, the first plotted 
points are displaced with respect to each other along the 


' abscissa. It will be seen that the magnitude of m.d.t. de- 


creased markedly with increases in the intensity level at which 
the threshold was measured. For example, the first differen- 
tial step for observer B was slightly over 6 db, while his thresh- 


- hold, at the highest intensity level used, was less than 1 db. 


_ The same results are plotted in a different way in the 
middle graph of Fig. 8. In this case, threshold in db is 
plotted against sensation level. (See footnote 5.) In the 
right-hand graph, the ordinate still represents threshold in 
db, but the abscissa represents masked sensation level The 
three different ways of plotting the results were used as a 


"The term ‘masked sensation level’ is here used to refer to the difference in db 
between intensity level and masked absolute threshold. 
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means of trying to decide whether the various m.d.t.’s, when 

considered together, were more uniquely related to intensity 
“level, to sensation level, or to masked sensation level. 

On the basis of the three sets of curves in Fig. 8, it might 

be concluded that there is little to choose between the rela- 
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поб шв of m.d.t. to sensation level and that of m.d.t. to 
v ed sensation level. In both cases, the curves for the ino 
-observers are similar and are not greatly displaced from each 


» other. However, when the data on all six of the harmonics 
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are dealt with together, a different conclusion must be drawn. 
In Fig. 9, all of the data for observer B, on each of the six 
harmonics, are plotted in the three different ways. There is 
a curve in each of the three graphs for each of the six har- 
monics. The curves in the upper right-hand graph have a 
remarkable degree of coincidence, especially as compared with 
the curves in the graph at the bottom. If a single function 


тә © > “л 


THRESHOLD IN DB 


- 


е 


5 10 15 20 25 
MASKED SENSATION LEVEL 


D 


THRESHOLD IN DB 


2 0 8 40 
SENSATION LEVEL 
Fic. 10 


were to be sought which would tend to describe the relation- 
ship between m.d.t.’s and the levels at which they were meas- 
< ured, the variables for the function, in the case of observer B 
at least, would probably be m.d.t. and masked sensation level. 
A somewhat different picture is given by the results on the 

six harmonics for observer A. These results are plotted in the 
three different ways in Fig. 10. It will be seen that the curves 
have the highest degree of coincidence in the upper left-hand, 
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graph, where m.d.t. is plotted against intensity level. : Clearly, 
the relationship between m.d.t. and masked sensation level 
was less unique for observer A than it was for observer B. 
'The reason for this difference is obscure. It is obvious, in 
any event, that the relationship between m.d.t. and sensation 
level was quite remote for both observers. 

Regardless of the relationship (or set of relationships) 
which is finally found to hold between m.d.t. and some meas- 
ure of the level at which thresholds are determined, the data 
presented in Figs. 9 and 10 reveal that the m.d.t.’s for the 
various harmonics decreased in a similar manner. The thresh- 
old values secured at levels near the m.a.t.'s were all relatively 
large, while those secured at levels 1 5 or 20 db higher were all 
relatively small. "The indication is that the smaller m.d.t.’s, 
all but three of which were less than 1 db, were quite close to 
a minimal limit. Of importance in this connection is the fact 
that typical thresholds for loudness discrimination, when pure 

. tones are used as stimuli, fall between about 0.5 and 1 db. 
* It may be inferred, from the data on m.d.t.'s, that a 
masked harmonic is not necessarily free from the influence of 

_ masking just because it is above its m.a.t. In other words, a 
masked harmonic may be specifically audible in the presénce 
of à group of masking harmonics and yet not be completely 
unmasked.’ An all-inclusive statement on the above-thresh- 
‘old range of partial (or fractiona 
be given. However, 

‚ periment, any one of the m 
15 and 20 db above its 
minimum; and this fact i 
ing was betwee: 


The data on т.й.л.% show that once a 
was from I5 to 20 db above its m.a.t. 
in its intensity level were perceptibl. 
41 db was typically detectable, 


masked harmonic 
5 relatively small changes 
е. A change of less than 
It has already been suggested 
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that the lower values of m.d.t. were near a minimal limit. 
This implies that, when any one of the masked harmonics was 
between 15 and 20 db above its m.a.t., a small change in its 
intensity level was about as noticeable as it would have been 
in the absence of masking harmonics. Confirming evidence 
on this point was secured in a special series of measurements 
which will now be described. 

To avoid the possible influence of stray components in the 
stimulus on the magnitude of m.d.t.’s, the special measure- 
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ments were made on harmonic VII when it was sounded in the 
presence of harmonics II to VI, inclusive. The stimulus con- 
ditions were basically the same as those which prevailed when 
the m.a.t.’s of harmonic VII were measured in relation to its 
phase angle. (See Fig. 6.) Masking harmonics II to VI, in- 
clusive, were all in phase and were each set at an intensity 
levelof6o db. Representative values of m.d.t. were obtained 
on VII, The results are given in Fig. 11. In this figure; 
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there are four different graphs, two for each observer. The 
data for each observer have been plotted in two different ways. 
The curves labeled o? are based upon m.d.t.'s which were ob- 
„tained on VII when its phase angle was o°. These curves 
have the expected shape. The curves labeled 180° are for 


called for presenting harmonic VII alone, in the complete ab- 
sence of masking. The single harmonic was sounded during 
rt given fixed intensity 
level during the standard portion and at one of five suitably 
An observer judged 
^ whether the loudness of the tone was greater during the first 

or second half of each stimulus period. The thresholds were 


| А RUM measurements which were made on har. 
monic pointed to a relationshi T 
r 1 P between m.d.t.’s and h 
intensity level of the maskin i Rae 
п 1 harmonics, Н, i 
VI, inclusive, were each set at 40 db.; Wigs ein 
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_ Чуе m.d.t.’s for УП were secured. The results for observers 
A and B, plotted in two different ways, are represented in 
Fig. 12 by the curves labeled 40. The curves labeled 60 are 


30 . 35 40 10 15 20 
INTENSITY LEVEL WASKED SENSATION LEVEL 


Fic. 12 


duplicates of those labeled o? in Fig. 11. The two sets of 
curves, especially as they appear in the right-hand graph, are 
readily seen to be of the same general shape, but they are sig- 
nificantly displaced with respect to each other along the 
ordinate.? In other words, changes іп m.d.t. with level above. 
m.a.t. were similar in form, but the m.d.t.’s were consistently 
lower for the 40-db than for the 60-db setting of the masking 
harmonics. Further investigation. will show, presumably, 
that there is some type of direct relationship between the 
magnitude of m.d.t.’s and the intensity level of the masking 
harmonics. 


SUMMARY 


Measurements were made of the masked absolute and 
masked differential thresholds of individual masked harmonics 
when they were sounded in the presence of a group of masking 
harmonics. The complex stimuli, which were presented mon- 
aurally to the observers through a calibrated receiver, were ў 
produced with an electrostatic type generator of special design. 

8 The fact that the two sets of curves in the left-hand graph are displaced with 


respect to each other along the abscissa means that values of m.at for the two condi- 
tions of masking differed by the amounts of the displacement. 
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The frequency and intensity levels and the relative phases of 
the various harmonics were subject to control. A modifica- 
tion of the constant process was used in securing the experi- 

. mental data. Threshold values, computed by linear interpo- 
lation, were based upon large numbers of judgments. “Two 
trained observers served throughout. The investigation was 
far from exhaustive, but the following conclusions seemed 
justified. 

1. The magnitudes of the masked absolute thresholds 
(m.a.t.’s), with essentially normal sensitivity of the ear, were 
conditioned by simple masking factors (that is, by ‘spread-out 
patches of disturbance’ along the basilar membrane); by the 
specific interfering action of subjective tones; and perhaps to 
a limited extent, by the influence of relatively weak stray com- 
ponents in the stimulus. The evidence on interference be- 
tween subjective and objective harmonics was indirect but 
nevertheless rather convincing. Future investigations of 
m.a.t.'s should provide, in particular, for a careful survey of 
interference phenomena. 

2. The masked differential thresholds’ (m.d.t.’s), for any 

_ given masked harmonic, decreased markedly in magnitude 
with increases in the level of the harmonic at which thresholds 
were measured. The threshold values secured at levels near 
the m.a.t.’s were all relatively large, while those secured at 
levels 15 or 20 db higher were all relatively small. When any 
one of the masked harmonics was around 1 5 or 20 db above 
its m.a.t., small changes in its intensity were about as notice- 

А able as they would have been in the complete absence of mask- 
ing harmonics. A masked harmonic was partially (or frac- 
tionally) masked over a considerable ra 
its m.a.t., the amount of partial masking decreasing as the 
level above m.a-t. increased, The amount as well as the total 
range of partial masking will undoubtedly be found, upon 

к further study, to depend upon the number, frequency level, 
and intensity level of the masking harmonics, and also upon 
the relative phase angle of the masked harmonic. 

The results of the investigation have a direct bea 
course, only upon masked thresholds, 


nge of intensity above 
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THE RELATION BETWEEN CORTICAL RESPONSE 
TO VISUAL STIMULATION AND CHANGES IN 
THE ALPHA RHYTHM 
BY S. HOWARD BARTLEY * 
Washington Unicersity Medical School, St. Louis, Missouri 


The dominant waves in the cortical record of the rabbit 
vary from about three to five per second, depending upon 


depth and kind of anesthesia as well as a number of other B! 
factors (4 and 7). This range comprises the alpha rhythm, 
and the rate and amplitude of the waves in it may be manipu- : 


lated experimentally much in the same way as has been re- 
ported for the human electro-encephalogram (E.E.G.). 

In the human E.E.G. it has been observed that the alpha | 

Y rhythm is sensitive to certain broad features of the ordinary i 

. environment (6, 8, 9, TI, 12, 13, 14, 15, and 16). The waves 

- tend to disappear upon changing the room from darkness to 

light, though they may return in some degree if illumination 

is continued for a matter of seconds. If the eye is confronted 

with a homogeneous field the result is often a less effective 

elimination of waves, than if it is patterned, 

Though individuals vary greatly, first in the presence or 

absence of distinct alpha waves, and secondly in the condi- 

» tions effective in manipulating them, the fact that the waves 

can be manipulated has led to speculation about the mecha- 

nism involved, or to say it differently, as to what the waves 

represent. 

Tt has become customary to speak of 

being blocked by the conditions that happen to cause its dis- 

appearance (6, 8, тт, 12). Blocking or inhibition necessarily 

connotes the cessation of something. If in this case it merely 


implies the cessation of observable waves in the record, the 
* Recipient of Grants-in-Aid from the Rockefeller Foundati 
R d 
Committee on Benevolence of the Scottish Rite Masons for Beard h р 
Ргесох. 
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term may be permissible. If it implies the cessation of ac-, 
tivity of the cells involved in producing the waves, the inter- 
pretation is not yet supported by fact. Indeed all of the 
evidence of this laboratory suggests that the disappearance 
of the waves simply indicates the onset of a different temporal 
sequence among the active elements rather than the cessation 
of their activity. ` 

In the rabbit, the cortical electrogram changes when the 
room illumination is sufficiently altered, much as does the 
human E.E.G. This animal provides for accomplishing the 
purpose of the present study; namely, to go beyond the mere 
demonstration of the change produced by the gross shifts in 
environmental conditions, and show what takes place when 
the,alpha rhythm is affected in a specific way. 

On the basis of the fact that steady light reduces the size 
of the alpha waves, it could be expected that flashes might 
do the same, and leave the cortical picture uncomplicated by 
them, whereupon one could observe the specific responses to 
the flashes themselves. But it will be found that this is not 
what actually takes place. We are left to judge whether the 

. particular combinations of responses and spontaneous alpha 
waves are simply algebraic summations of the two separate 
. trains of events in the record, or whether the mechanisms 
back of the two phenomena actually influence each other. 


METHOD 


The method consists in confronting the animal eye with a series of flashes at rates 
ranging from т of 2 per second to a rate double or treble the alpha rhythm. In the 
result, two principle events then follow: a change occurs in the rate and size of the 
waves in the alpha rhythm depending on the stimulus conditions impressed on the 
‘animal, and also specific responses follow the flashes. 

In considering method, it is well to know what the components of a complete 
response toa flash of light аге. The first deflection, surface-positive, is rather spike-like 
and may or may not be greater in amplitude than the prevailing alpha waves. If it 
emerges in the electrogram on the crest of an alpha wave, it is prominent. The first 
negative phase of the response is a more prolonged wave, having much more nearly 
the time characteristics of an alpha wave than does the first component. A third 
deflection is positive and also prolonged. Consequently the first part of the response 
can be easily differentiated from alpha waves while the later components are quite 
similar to them. - 

"The cortical response to direct electrical stimulation of the optic nerve serves as a 
good standard of comparison for besides being complete its components stand out more 
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boldly. Electrical stimulation can be made strong and very brief at the same time, 
activating the fibres of the whole nerve, each discharging but one impulse. Such an 
input produces a response consisting of three main deflections, a brief surface-positive 
excursion, a more prolonged negative one, and a final broad positive one. The first of 
these has been analyzed into a number of parts, but taken as a whole, it may be con- 
sidered as the specific visual response. The third deflection as in the case of photic 
stimulation has the proportions of an alpha wave, and both may be so considered. 
А stimulus then elicits a specific visual response which in turn is followed by one or 
more alpha waves since the train of events following a single electric shock was often 
seen to consist in a number of regularly spaced large waves (4). One of the important 
features to be pointed out is that to affect an alpha wave, the phenomenon in question 
must occur at a time represented by the cycle before it. That which appears in the 
record as a specific response spike upon an alpha wave is simply an algebraic summation 
inthe record, For the diminution, enhancement or other change of a given alpha wave, 

же must look to events which occurred during the previous cycle. 
This description applies to single or isolated responses, while it is to be recognized 


that rapidly repeated flashes may elicit responses which are, to all appearances, 
incomplete. 


Rrsurrs 
Animal A 


Tn the case of this animal as in a number of other experi- 
ments, records of the cortical response and alpha activity were 
made with the flash rate at a number of settings. As the rate 
was progressively increased from 1.2 to 10.7 per second in 
fifteen steps, significant differences in outcome were observed 
which seemed to indicate beyond question the interaction be- 
tween the response and the spontaneous activity. Flashes at 

_ 1.2 per second reduced the amplitude of the dominant 4 per 
second alpha to half size. Each flash was well responded to. 
and included the later long negative deflection as well as the 
first positive peak. As the flash rate was raised, the height 
of the alpha waves became less affected. Flashes at 4 per sec- 
ond, the then existing alp x 
more regular. By the time that the flashes had reached 5-45 


again became pronounced. 
ere delivered their rate was 
a rhythm exhibited before 
Tesponse, the series having 
Ty narrow saw teeth. The 


somewhat. They had much the 
as those produced when flashes we: 
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The onset of the flashes delivered at 6.7 per second threw 
the waves of the record into confusion for a time. Subse- ` 
quently, large regular waves which appeared to be the 
responses emerged. "Their rate indicated that they were re- 
sponses to every second flash, their shape showing that they 
included some alpha activity. 

'The series of 8.4 flashes per second elicited a definite re- 
sponse only to alternate flashes, this result alternating with 
the interference periods during which the alpha-like waves 
were lower than before the flash series was applied, though 
during synchrony they were much higher. 

With 10.7 flashes per second alternate flashes were repre- 
sented by definite responses which were combinations of spon- 
taneous waves and the regular response spikes. The responses 
alternated in size, the large ones presumably appearing during 
the excitable phase of the alpha cycle. Periodically, however, 
since the synchrony was only approximate, interference set in. 


Animal B 


This animal was possibly less under the influence of ether, 
if our suppositions are correct, for there was a more marked 
difference between the records taken with the room light on 
and those taken in darkness. ; 

'The other and much more outstanding symptomatic dif- 

. ference between the two animals indicating the same thing 
was the fact that, at the higher flash rates, the records showed 
definite responses to consecutive flashes rather than to alter- 


nate ones. (See Fig. 1.) When the responses followed each 
flash at a rate of about 10 per second, their amplitude was very 


greatly reduced. The record consisted in a tiny regular 
ripple superimposed on irregular long slow changes in the 
level of the base-line. Periodically the ripples virtually 
disappeared. 

In this figure, one is also able to see the difference between 
the spontaneous activity with the room light on (first line) 
and the room dark just prior to stimulation (beginning of 
second line). Steady light tends to reduce the amplitude of 


the alpha waves. 
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one flash every 100 ma. 
g darkness before stimulation each flash about 3 ma long 


Fic.r. "This figure illustrates the difference between cortical activity with the eye 
illuminated (top record) and in the dark (first part of second record), and also the 
modification produced by a rapid sequence of flashes (approximately 10 per second). 
Flashes are indicated by dots, seconds by marks on the line, and the alpha rhythm 

‘above the waves in the second record. This figure demonstrates (1) depression of 
alpha by general illumination; (2) diminution of alpha by a series of flashes; (3) ability 
to respond to rapidly repeated flashes. 


Animal C 
A record from this animal, shown in Fig. 2, depicts the 
on- and off-responses to long flashes when the light-dark-ratio 


was 1:4. It will be noted that the immediate response waves 
and their sequelae dominate the whole record, obliterating 


+ 
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ж ‘virtually all of the major deflections are those 


Of the responses 


the particular train of alpha waves which characterized it just 
prior to stimulation. The huge positive deflections following 
the off-responses are excellent examples of the third component 
of a complete response. Here it will be noted that is the 
off-response which produces them. This means that the off- 
response produces the same kind of alpha activity as the 
on-response, except in different elements (3). 


1 Animal D 
Three records from this animal are shown in Fj e 
' 2 rec shown in Fig. з. The 
at 1 ў 
ор аас а slow БАЕ series almost obliterating the 
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alpha waves. They do tend, however, to regain some of their 
original size after a time. 

The second line shows a case in which the alpha cycle 
tended to retain more nearly its original characteristics during 
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Fic. 3. The features illustrated here are indicated in the figure itself. The 
breaks in the line are made by huge deflections of the photronic cell used to indicate 
location and duration of the flashes. Flashes in bottom record are 870 milliseconds 


apart. 


stimulation: This and the top record both show that the 
size of the response is dependent upon the phase of the alpha 
cycle in which the stimulus appears. When the flash is at a 
critical point near the peak of an alpha wave the response 
spike is at its maximum. If much earlier.or later, it is much 
` smaller. Since the alpha waves.are not perfectly regular 
either in temporal separation or in contour, many exceptions 
to this may seem to occur, but when all things are taken into 
account this statement holds. 

The bottom line shows a much slower flash rate (870 milli- 
seconds between flashes): Due to this and the fact that the 
fashes all appear in about the same phase of the alpha cycle, 
the responses are approximately equal. i 

This animal represents certain other features also. (See 
Fig. 4.) Record 4 is a case in which flashes were delivered 
during a time in which the alpha waves were very inconspicu- 
ous. Under such conditions, response to the flash series 4s 
pronounced. Note the four large waves to the four flashes. 
Their conformation is much like those of the usual alpha 
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waves. Record B shows another short series of flashes oc- 
curring while the alpha picture is more pronounced than in 4. 
The result is a more irregular series of responses, indicating 
some conflict or competition between the stimuli and the in- 
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Fic. 4. Records partially explained in figure. Arrows indicate location of breaks in 
` line where flashes fell. Flash rate in all is about 6 per second. 


trinsic activity. Record C shows the results of three flashes 
delivered during a time when the intrinsic alpha waves were 
very large. In this case the responses were relatively incon- 
spicuous.. On the assumption that the spontaneous activity 
(alpha) and the specific response employ the same pathways, 
or that one pathway affects the other, the diminutive size of 
, the latter may be due to the usurpation of available elements. 
Record D shows the responses to three flashes. They are 
the last three of a longer series and the repetitive rate marked 
off by them is very much faster than the spontaneous waves 
which follow. Ш 
Record E shows about the same thing as D, but not to such 
a marked degree. The series of flashes is long, and during its 
course somewhat better synchrony of responding elements is 


š undoubtedly brought about as evidenced by the increasing 
regularity of the waves. 


Animal E 
In Fig. 5, another very forceful wa 
of elements involved in the Spontaneous waves and in the 
response is represented. It consists in a series of four records, 
showing the responses to paired flashes delivered 70, 90, 137, 


y of showing the activity 
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and 195 milliseconds apart. In this series, as well as in previ- 
ous records, two features are of concern—the response and 
the way stimulation alters the spontaneous activity. 


Paired Flashes = Various Interimls of Separation 


о AA 


note inoreasing sizə of second response 


Fic. 5. Records partially explained in figure. Dots indicate location of flashes; _ 
numbers, the separation in milliseconds. See text for further explanation. 


It is obvious that the response to the second flash is in- 
effective unless sufficient time is allowed between flashes. 
This at a minimum is in the neighborhood of 90 milliseconds, 
a value quite like that found when using paired electric shocks 

' to the optic nerve, though it is a different minimal interval 
than happens to be effective in producing fair-sized Tesponses 
to repeated stimulation. The possible reason for this has 
already been discussed (2) and will be referred to a little later. 

It will be noted that the events following the responses are 
not alike in all cases. The records following the go and the 
195 milliseconds intervals are quite similar, while the other 
two are different but match each other fairly well. The period 
represented from crest to crest in the wave train following the 
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195 milliseconds interval is quite like'the flash interval itself. 
` The second flash happened to have been delivered at such a 
_ time as to fit into the intrinsic periodicity of the system, pro- 
ducing a full-sized response and helping maintain the alpha 
wave train. ; А 
The 90 milliseconds intérval was about twice the alpha 
rate and the pair of flashes were able also to do about the same 
as the 195 milliseconds pair regarding the alpha waves, though 
the second was barely able to produce a specific response. 
"The second flash in each of the other two pairs (70 and 137 
milliseconds) is out of phase with the intrinsic rhythm and 
the same continued series of alpha waves does not appear in 
the record. The second flash of the 70 milliseconds pair in- 
terferes less than does the second of the 137 milliseconds pair, 
as would be expected. 
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Fic. 6, This figure is a comparison of cortical activity under conditions of darkness 


and very intense illumination (18,000 c/ftt). ' . 
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findings while using intense stimulation upon. the Dytiscus 
visual system (1), for the interpretation of which results the 
notion of synchrony was employed. 


Animal F 


For this animal, a series of long flashes delivered every 
715 milliseconds is shown in Fig. 7. The light-dark-ratio is 


are te О 5 
esa flash avery TS me Ў Lightedark ratio 1 


Fic. 7. The two lines are two parts of a continuous recording and show that a 
flash series may augment the amplitude of the major waves, at least superficially, 
simulating the enhancement of the alpha rhythm. The first on-response is huge. 
Dots below the line indicate time; those above, location of on- and off-responses. 


I : 4, as in Fig. 2, but the outcome is somewhat different. The 
responses are smaller and do not eclipse the other features of 
the record. If anything, the alpha ryhthm seems to be 
enhanced over what it was prior to the flash series. The 
first on-response is huge but the following ones are much 
smaller. In fact no off-response is obvious following the first 
on, and the next pair of on- and of-responses is very small. 
They increase in size upon repetition, and hand-in-hand with 
this is a smoothing out of the spontaneous part of the record. 


Discussion 


From results such as we have both described and docu- 

* mented with records, it is clear that the alpha rhythm and the 

‘specific cortical response to incoming excitation from the 
sensory periphery greatly influence each other. 

In the first place, the effect of stimulation by light may 
be either of two extremes, either to ‘abolish’ or ‘induce’ syn- 
chronized alpha activity. The result is determined by the 
time distribution of the stimulus, by its intensity. 

Only infrequently does a cortical pattern displaying alpha 
waves cease to exhibit them during a series of discrete light 
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flashes applied to the eye. The more usual occurrence is the 
enhancement of them if they already exist or the institution 
of them if they are previously absent. 

It is most usual for a single bright flash to institute a train 
of alpha waves. Originally these were considered a part of a* 
complete response (4). Two flashes separated by a critical 
interval are also able to elicit a train of alpha waves or ac- 
centuate feeble ones. This critical interval is the time repre- 
sented between the peaks of two adjacent alpha waves. A 
nultiple or submultiple of this interval produces effects quite 
in keeping with expectations. 

The first flash of a series may happen to be delivered at 
such a time that the resulting excitation is out of phase with 
the spontaneous cycle. If the flash is weak it utilizes such 
elements as are available on the basis of threshold and degree 
of concurrence of phase. If it is intense, it is often able to 
elicit a large response due to the fact that high threshold is no 
obstacle and it is also able to break through a greater portion 
of the refractory phase of the cycle. It may thus be able to 
collect a considerable mass of elements into a single phase of 
activity. But if the cortex happens already to exhibit a 

. marked alpha rhythm, the response will not be large for it is 
as if most elements are already occupied spontaneously and 
but few elements are left to be used by experimentally pro- 
duced exictation of any strength. Thus, even if the flash is 
timed so as to fall at the most opportune instant, the huge 

_ Wave or waves resulting can not be said to represent specific 
responses but are in a large part to be credited to the alpha 
cycle. The shape of the waves will indicate a predominating 
alpha component, and will be essentially different than the’ 
large deflections of vigorous specific responses. 

Regardless of where the first flash 
tion will tend to alter results. The shifts in wave pattern 
which result are seldom the mere algebraic addition of two 
sets of waves of different frequencies as they slide past each 
other in the record, but are temporary irregularities from 
ogi ola Wes) nossa е ейде «ai 
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series, a train whose waves represent only every second or 
less frequent flash, a diminished alpha and a train of responses, 
or else an accentuated alpha into which the specific response 
series is mixed. 

Finally, since a steady light is the limit of a high frequency 
series of discrete flashes, the result of steady stimulation in 
‘abolishing’ the alpha rhythm must be the same as the result 
of flashes repeated with sufficiently high frequency. Since it 
is demonstrated that light stimuli can induce the alpha rhythm 
in the record as well as cause it to disappear, it can be inferred 
that steady illumination, resulting in unsynchronized retinal 
activity, will set up unsynchronized alpha activity in the cor- 
tex. This activity must fail to appear in the cortical record 
to the degree to which it is unsynchronized. That is to say, 
all alpha activity is not observed in the record. Due to the 
possibility that the elements involved in the type of cyclic 
activity ordinarily observed can become divided into lesser 
groups greatly out of phase with each other, the alpha or any | 
other activity can as well produce a straight line as a train of 
undulations in the records, This is an important point, and 
from this the deduction is made that ‘blocking’ is of this sort 
rather than a cessation of activity. 

It is now clear that a distinction needs to be drawn be- 
tween alpha activity and the alpha rhythm. The former is 
the activity which, if not masked by other activity of opposite 
sign, would appear in the record as the familiar undulations. | 
The latter, the alpha rhythm, is the same activity, as far as 


the individual elements are concerned, which is able to pro- 


duce the well known waves in the record, due to the fact that 
in the same 


the preponderance of the spontaneous activity is 
phase. Pesan 
That the result of intermittent stimulation is not only a 
series of specific spike-like responses, but the creation of an 
alpha rhythm where it did not exist before, the accentuation 
or abolishment of an existing alpha train, or the alteration of 
s us to consider not only the question 
of uniform illumination, but to 
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tion, which have come to bé used in the literature on the alpha 
rhythm (s). $ 
Since the alpha rhythm as a pattern is the outcome of a 
particular temporal distribution among the elements respon- : 
sible for the cortical record, rather than the actual number of 
elements involved, the terms facilitation and adaptation, as 
used in the literature with reference to the rhythm, do not 
apply except perhaps very superficially. These terms fall into 
: the same category as does blocking. In order that facilita- 
tion apply to the rhythm it would have to be shown that when 
it exists a greater number of units are integrated into the 
activity than otherwise, producing a greater end-result, or a 
speeding-up of the ultimate outcome. For adaptation to 
apply in the strict neurological sense, it would have to be 
shown that the disappearance or reappearance of the alpha 
rhythm depended primarily upon an internal change in the 
elements involved. While it is true that neither all facilita- 
tion nor all adaptation is neurological, neural phenomena are 
dealt with here and descriptions and explanations should be 
put into neural terms. E 
. Though it is to be granted that in the continued activity 
of any large mass of cells, facilitation and adaptation (used in 
the neural sense) do occur, it has not yet been shown that 
these mechanisms are at the bottom of the appearance or dis- 
appearance of the alpha waves. 
That the alpha-like waves can be Speeded-up as a result of 
properly timed retinal stimulation may, however, be a real 
example of facilitation (8 and present work). The rate of 
the alpha rhythm is not fixed, and its fluctuations may be 
the result of convergence of a variable number of impulses 
upon critical neurones, or else a change in the state of certain 
neurones due to more general causes. It follows, however, 
_from what has already been said about the alpha: activity, 
that certain ranges in frequencies might be due to the stagger- 
Ing two or more separate rhythms. 
„ As far as we can tell, no adaptation is Tepresented by апу. 
aspect of the alpha rhythm records, Е 


The work in this laboratory has dealt, from time to time, 
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with several aspects of cortical response; namely, its spon- 
taneous features including the alpha rhythm, the effectiveness 
of the second of two supra-liminal peripheral stimuli, the re- 
sults of repeated stimulation, the summation of two sub- 


']iminal peripheral stimuli, and the effect of drugs on these 


features. 

It has become more and more clear that in such cases we 
are dealing with two groups of cells, one expressed in the spe- 
cific cortical response to peripheral stimulation, and the other . 
represented in the alpha rhythm. The second group is 
spontaneously active, but the first is not. Strychnine dif- 
ferentially affects the two groups, spontaneous activity dis- 
appearing while certain components of the specific response 
are enhanced. 

Normally the two groups interact. A specific response 
tends to set up an alpha train, while the size of a specific re- 
sponse to an isolated stimulus is dependent in part upon its 
temporal relation to the alpha cycle. Under strychnine topic- 
ally applied to the cortex the specific response, though greater 
in size, no longer induces an alpha train. This is not simply 
the result of a severed connection between the response and 
spontaneous groups, for alpha waves no longer appear spon- 
taneously. Repetitiousness produced by localized strychnine 
is expressed in the activity of the non-rhythmic elements 
responsible for the specific response. 

Effectiveness of repeated stimulation is dependent not 
only upon the place in the alpha rhythm (spontaneous ex- 
citability cycle) each stimulus falls, but also the spacing of 
stimulation and the extent of its repetition. This is not due 
to refractoriness in any single element such as a synapse but 
to factors involving much more time. Since the interval is a 
measurement of the time between response of a functional 
unit (possibly a chain) and its ability to respond again either 
partially or to full extent, the determiner of this factor lies 


in the elements essential for a complete response. — This brings 
neous activity is linked into 


nd interaction between the two. 


the response chain since we fi À two. 
That the refractory interval between two effective stimuli 
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is greatly reduced after repetition of stimulation suggests that 
the second stimulus of a pair following in the wake of the 
activity produced by the first is able to selectively re-activate 
functional units which have the shortest refractory period and 
have sufficiently recovered. Out of the group of parallel chain 
units some are ready to be re-activated much sooner than 
others. The first stimulus arriving utilizes these, and just to 
that extent throws the group out of its original synchrony, but 
the principle provides for response to flashes spaced much 
more closely than at the outset of the series. After a few 
repetitions, flashes, though very rapidly repeated, may elicit 
responses, each nearly equal in size, but much smaller than 
the response to the first stimulus, the size being accounted for 
by supponing that the reaction of the total number of units is 
distributed among several successive stimuli. 

Each of the responses though closely spaced tends to be 
followed by its alpha wave in the record while the rate of 
repetition is still not high and when there is no algebraic clash. 
Thus the records often contain not only rapidly repeated spe- 
cific responses but alpha waves at much higher rates than 
prior to stimulation. 4 
Ў This principle accounts for the effectiveness of steady 
illumination, it being the terminal case in the frequency range. 


Summary 

Electrograms of the rabbit’ 
intermittently stimulated wit 
mine the modifications of the 
The records as well as all 
formation pertinent to the subj 
groups of elements are responsi 
tures of the cortical electrogram. 
is expressed in the specific corti 
peripheral stimulation and the other in the later com nents 
s the complete outcome of stimulation. Tt is the жа of 
: he pied e fet 1s manifest in the alpha rhythm. The 


-Blocking of the alpha rhythm is not à matter of inhibiting 


8 optic cortex when the eye was 
h light were examined to deter- 
alpha rhythm. 


3 
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the activity of the alpha elements but rather temporally dis- 

persing their activity-rest cycles. The use of the term adapta- 

н tion in the neural sense is not justified in describing the salient 
features of the alpha rhythm changes which we have found or 


are reported in the literature. 
(Manuscript received July 18, 1940) 
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SOME RELATIONSHIPS BETWEEN ELECTRICAL 
SIGNS OF CENTRAL AND PERIPHERAL 
ACTIVITY: I. DURING REST» 2 


BY JOHN M. HADLEY? 
Departments of Psychology and Speech, Utah State Agriculture College 


Three theoretical positions are available to those who at- 
tempt to present physiological correlates of ‘mental’ activity. 
The first position is one of long experimental standing, that 
which postulates a close if not an exact correspondence be- 
tween peripheral (muscular) activity and ‘mental’ phenom- 
ena, The second position is one of equally long standing 
(although precise, experimental approaches are fairly modern), 
that which postulates a close if not an exact correspondence 
between central (cerebral) activity and ‘mental’ phenomena. 
The third position is one which straddles the fence, so to 
speak, and sees ‘mental? phenomena as a total organismic 
Process involving both central and peripheral physiological 
“mechanisms, | 

The bolstering of all these viewpoints has become easier 
with the development of modern electrophysiological tech- 
niques which enable the investigator to record fairly localized 
physiological phenomena, in the intact human 
a veriety of controlled laboratory conditions. 

à Several investigators have used electrophysiological tech- 
niques in the study of 
activity and peripheral 
sented a considerable bo 


organism, under 
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cular activity accompanies ‘mental’ (symbolic) activity (4, 5, 
6, 7, 8, 9, 10, 11, 12, 19, 28, 29, 30, 31). 

Following the introduction of the electroencephalographic 
technique by Berger (3), there have been numerous studies 
which indicate changes in cortical activity record when the 
subject is engaged in ‘mental’ or psychological (symbolic) 
activity (т, 2, 15, 16, 20, 21, 22, 23, 24, 25, 27, 28, 32, 33, 34, 
35, 36, 37). 

Some data exist which bear upon the relationship between 
cardiac activity and other signs of bodily activity. The heart 
beat may accelerate, in some cases extremely, during physical 
activity (18) and there is some indication (17) that the heart 
rate is faster during problem solving. Since in ‘mental’ ac- 
tivity heart rate changes may be inferred to have a cortical 
origin (at least in part) the electrocardiogram may be con- 
sidered a measure of central activity, as well as a measure of 
general bodily activity. 

The ‘central-peripheral’ theory, which the workers in this 
laboratory favor, in its general outline at least, has been . 
strongly advanced by Freeman (13, 14), although we tend to 
depart from his point of major emphasis. Freeman has pro- 
posed a rather inclusive hypothesis which is designed to 
‘explain’ the co-relation between ‘mental’ and physiological 
phenomena—the hypothesis of the ‘postural substrate? Ac- 
cording to this hypothesis central physiological, or ‘mental,’ 
events are determined by peripheral processes, the most 
notable of which are proprioceptive in nature. Direct meas- 
urement of the electrical signs of cortical activity has been 
made during the experimental alteration of peripheral process 
by Knott (23) who found that increased muscular tension 
(increased ‘proprioceptive backflow,’ to use Freeman’s‘phrase) 
decreased the latent time of blocking of the alpha rhythm, but 
that the peripheral process did not account for all altera- 
tions noted. 

PROBLEM 

Since the results of previous studies concerned with periph- 
eral change during psychological activity are more stimulating 
than final and since certain quantitative measures of cerebral 
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activity are now available, it seems pertinent to inquire into 
the relationship between electrical signs of central and periph- 
eral activity. Since the present study was designed to be 
exploratory in nature it was felt that it should not be compli- 
cated by the introduction of more than a minimum of psycho- 
logical activity. It was not expected to present conclusive or 
final evidence, but to provide a point of experimental depar- 
ture and to open up possible avenues for further research. 
The issues of such an investigation may be stated as fol- 
lows: what is the relationship between changes in electro- 
cardiographic rate (a quantitative measure of general bodily 
and also cerebral activity), changes in the amplitude of muscle 


potentials (a quantitative measure of peripheral activity) апа, 


changes in brain potential amplitude and frequency (quanti- 
tative measures of cortical activity)? 
These issues are concerned with the testing of posited 
relationships between central and peripheral activity when 
,the index of central activity is physiological and as such is 
' amenable to quantitative measurement similar to the meas- 
urement of peripheral activity. An initial test of the pre- 


dictive value of the hypothesis of the postural substrate is 
thus possible. 


APPARATUS AND ProcepurE 


Electroencephalograms from the precentral and occipital areas, 
gram (lead I) and the electromyogram from the left forearm wei 


area, The ‘indifferent’ electrodes 
Similar discs were used as active electi 


The leads were connected by shielded cable to four, 
italice-coupled, high-gai; 1 
electrocardiogram time Constant, .25 ѕес,; brain potential ti 


four special four-tube impedance-matching amplifiers, Thetwo electroencephalograms 


- translated into beats per minute 


- 
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E i " 
and the electrocardiogram were recorded on a Grass four-element ink-writing oscillo- 
graph. The muscle potentials were recorded photographically on sensitized paper by 
means of a Westinghouse multi-element oscillograph. 

The brain potentials and the electrocardiogram were recorded continuously for 
about ten minutes while the subject lay comfortably in a dark electrostatically shielded 
room which was adjacent to the recording room. No systematic relaxation was 
attempted and no stimulation of any kind was given. After the subject had been 
allowed to become accustomed to his surroundings, two samples of muscle potentials 
of 10 to 15 seconds duration were recorded. These were separated in time by three 
minutes. A signal key was so arranged that the duration of each sample of muscle 
action potential could be marked simultaneously on ink and film records. Since the 
Grass writer ran at a constant speed (30 mm per sec.) and a 6o cycle time line was 
recorded on the sensitized paper, simultaneous analyses of the electroencephalograms, 
the electrocardiogram and the electromyogram could easily be made. 

Twenty adults, five females and fifteen males, served as subjects. Seventeen of 
these individuals were recorded on two separate occasions, making a total of thirty- 
seven recordings and seventy-sixsamples. In all, there were approximately 900 seconds 
of simultaneous recording. 


AwaLvsis ОЕ DATA 


The brain records were read second by second in terms of 
amplitude and waves per second. 

The measure of waves per second will be referred to occa- 
sionally as frequency, but it is not actually an average fre- 
quency. The reliability of reading, which was determined by 
rereading 100 seconds of unmarked record, was .89. (Fig. та 
shows method of counting waves.) 

The amplitude was ready by taking the average amplitude 
of the three highest waves in each second. This, again, does 
not provide a true average amplitude but it does give a meas- 
ure of the amplitude of the brain potentials which correlates 
.85 with wave-by-wave amplitude measurements. (The 
method of amplitude measurement is demonstrated in Fig. 15.) 

The amplitude for each second of the muscle potential 
record was read and computed by the same method as that 
used for brain potential amplitude (Fig. 1d) which is similar 
to the method described by Davis (9, 10). The reliability of 
reading was .97. 

The electrocardiogram rate was obtained for each second 


in térms of percentage of intersystolic time. This was then 
for a given second (Fig. 1c). 


The reliability of reading was .98. 
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Fic. 1. Representative samples of records illustrating the methods of reading 
which are discussed in the text. a. Frequency of cortical potentials (in waves per 
second). b. Amplitude of cortical potentials (in microvolts). с. Rate of heart (beats 
рег second). d. Amplitude of muscle potentials (in microvolts). 


Some indication of the reliability of the sampling tech- 
nique may be gained from Table 1. 
t ‚ TABLE 1 


COEFFICIENTS or CORRELATION BETWEEN Two Measures 
ОР THE Same Рнүзїо1обїс Activity 


Intervals of з Minutes Intervals of from 3 to 10 Weeks 


Occipital Amplitude. ...... 
otor Amplitude... 
Ocgipital Frequency. 
lotor Frequency... 
Muscle Amplitude. 
Heart Rate... .... 


vog LI 
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Column one shows correlations, for each variable, between | 
the first and second samples taken in the same experimental \ 
run. These samples were separated in time by three minutes. 
The values of these 7’s are reasonably high in the case of the 
brain potential amplitudes and the heart rate. They are 
lower in the case of the brain potential frequencies and the . 
muscle amplitude. This may be taken to mean that a fair .— 
amount of variability in these measures exists from minute 


to minute. 
The third column gives a further indication of the relia- ~ 
y bility, as well as some measure of the constancy of the vari- 
1 ables from one day to another. These correlations are be- — - 


tween the average values of the first samples of the first and 
second runs, which were separated in time by from three to 
ten weeks. Such low correlations do not affect the interpre- 
tation of the results as reported in this study which, is con- 
cerned, essentially, with changes occurring simultaneously in 
the various records, although they are interesting in and of 
themselves. 

The data, after having been obtained in terms of average 
waves per second and amplitudes, were treated in two ways. 
- First, correlations were computed between the various re- 
corded variables using the total goo seconds of simultaneous 
recording. Second, correlations were computed for each in- 
dividual subject between the various recorded variables in 
order to determine to what extent the relationships indicated" 
in the first (gross) correlations were due to individual cases . | 
and to see what individual differences appeared to exist. 


RESULTS 


: Table 2 presents correlations which were computed be- 
tween the six recorded variables (occipital frequency, oc- 
cipital amplitude, motor frequency, motor amplitude, muscle 
potential amplitude and heart rate) on the total 900 seconds 
of simultaneous recording. The correlations between motor 
and occipital amplitude (.49) and motor and occipital fje- 
quency (.42) appear significant, indicating that some rela- 
tionship exists between the functioning of these two areas of 


| 
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TABLE 2 


X Seconn BY SEconp ConnzLATIONS * Влѕер ON 900 SECONDS OF 
SmuLTaNEous Recorpinc (Supyects = 20) 


> ———————Є—Є————єўй-ї 


Mot Occipital | _ Motor Muscle Heart 
Amplitude Frequency | Frequency | Amplitude Rate 


шее (РЕ Ж®югт) | (PE=.017) (РЕ 022) | (РЕ опу) 
лел (РЕ Эту) | (РЕ 022) | (РЕ о1о) 
БОК аку (РЕ 4218) | (РЕС 021) | (РЕ =.022) 
‘ee aed (PE 2022) | (PE 2022) 
Muscle Amplitude 


-13 
(PE =.022) 


* Rectilinearity was assumed upon the basis of inspection of the scattergrams. 
However, when curves were plotted there appeared to be some tendency toward curve- 
linearity. Etas were computed for the relationships which were most suggestive of 
curvelinearity, but only in the case of the relationship between occipital frequency and 
muscle amplitude was eta even barely higher than r (eta = .24, r = .17). 


the brain. The negative relationships between brain ampli- 
tude and frequency (occiput, —.50; and motor, —.38) are in 
agreement with the results of Knott and Travis (28). The 
only other correlations which are even barely significant are 
the ones obtained between heart rate and brain amplitude 
(occipital area, .33; motor area, .33). This is of special in- 
terest since the relationship between heart frequency and 
brain frequency is practically zero. The probable errors are 
all below .022. Lindsley and Rubenstein’s (26) data bearing 
, upon the realtionship between alpha frequency and heart 

_ frequency indicate practically no correlation. 
In order to understand why the rest of these relationships 


should be so low, the curves in Fig. 2 present the average 
- values of brain amplitude, 


quency plotted against heart rate. 
appear that there is a relationship between heart frequency 
and brain amplitude and a lack of any correlation between 
heart rate and either occipital or motor area frequency. This 
seems to be a case in point to support Gibbs’ (15) hypothesis 
that the cortex acts as a number of chemical oscillators, since 
in a chemical oscillator an increase in amplitude without a 
decrease in frequency must be produced by an increase in the 
amount of material involved in the reaction. If the cortex 


From this figure it would 


muscle amplitude and brain fre- ` 


ee ү 
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69 72 75 78 81 84 87 90 93 96 99 102 105 


le, brain potential frequency and muscle potential 
rt rate (on the abscissa). 


42 4S 49 51 54 57 60 65 66 
Fic. 2. Brain potential amplitud. 
amplitude (on the ordinate) plotted against hea 
acts as a chemical oscillator, then the material involved in the 
reaction must be maintained by the constituents of the blood. 
Although heart rate is not directly proportional to the amount * 
of blood flowing to the cortex (18), it seems evident that the 
amplitude of the brain potentials may be in part dependent 


upon the blood flow. 

‘Figure 3 shows curves of brain potential amplitude, brain 
potential frequency and heart rate plotted against muscle 
amplitude. Considering only those portions of the brain fre- 
quency curves below a muscle action potential level of 13 migro- 
volts, no consistent relationship is apparent. However, there 
is a positive but low relationship between brain frequency and 
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99 62 20 i * " 
96 59 19, 
.98 5618 | 
90 55 17 
87 50 16 
844715 
81.44 14 


OF r= +417 


1,32 8 45 6 7 8/9 10 11 1218 14 15 1637 18 19 20 
А 


Fic. 3. Brain potential amplitude, 


brain potential frequency and heart rate (on the 
ordinate) plotted against mu: 


scle potential amplitude (on the abscissa). 


muscle action potential amplitude when the portion of the 
‚ curve above a muscle action potential of 13 microvolts is 
~ considered. The correlations involving only these latter sec- 
onds of muscle action potential are :34 (PE = .063) and 
36 (PE = .062) for occipital and precentral areas respectively. 
In those seconds characterized by a muscle amplitude of 
II, 12, or 13 microvolts, or higher, the brain amplitude curves 
tend to be lower (r =— 12, PE = :073 and 7 == .26, 
PE = .067, for occipital and precentral areas respectively), 
whereas, below that point there is no relationship between 
brain amplitude and muscle amplitude. At the same point , 
of departure (13 microvolts) we find that the heart rate rises 


NC ООРУН 
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concomitantly with the rise in muscle amplitude (r = .27, 
PE = .074). R. C. Davis (9) considers a muscle potential 
level of less than 10 microvolts as necessary for a condition 
of relaxation. The only consistent relationships between the 
variables studied were found when this level was above 10 
microvolts. 

In order to ascertain whether the relationships indicated 
by the gross correlations were occasioned by concomitant sec- 
ond by second variations in the recorded measures ог were: 
due to, or obscured by, inter-individual variations, correla- 
tions were computed between all the measures for’ each in- 


dividual subject. 
TABLE 5 


RANGES, AVERAGES AND AVERAGE PROBABLE ERRORS оғ THE CORRELATIONS 
Сомротер ох Елсн оғ THE 20 50вјестз (Averace N = 45 SEC.) 


Measures Compared 


Occipital Amplitude and Mo- 


tor Amplitude...........| II to 83 до 08 
Occipital Amplitude and Oc- 

cipital EAE suse] 1:65 10—117 —.42 08 
Occipital Amplitude and 

Muscle Amplitude. .. .... —.63 to .62 E 10 
Occipital Amplitude and ‘ 
* Heart Каїе.............. —.66 to .70 13 ло 
Motor Amplitude and Motor 

Егедпепсу.............- —.65 to .72 —.32 «09 
Motor Amplitude and Mus- 

cle Amplitude. ........-- —.77 to .94 00 10 
Motor Amplitude and Heart 

Rate. uiri ca sn ates wes —.79 to .5I .09 10 
Occipital Frequen 

tor Frequefcy..... e| Ig to 170 30 09 
Occipital Frequency a 

Muscle Amplitude. . . —.46 to .73 21 .09 
Occipital Frequency and 
ern donc: ANI —4oto .36 °з 10 

otor Frequency an us- 

cle Amplitude. ......+--+ —.27 to .60 20 109 
Motor Frequency and Heart А Be Эр 


—.33 to .47 


—.52to . 


rages for these correlations together 
le errors and the ranges of the cpr- 
ges of these correlations, 


which vary from high negative to high positive, that there 


, Е 


Table 3 gives the ave 
with the average probab 
relations. It is evident from the ran 
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are extensive individual differences. In general it is true that 


the sizes and the directions of these average correlations are 


consistent with the gross correlations. The only exceptions . 


occur in the case of the correlations between brain potential 
amplitude and heart rate. The evidently significant positive 
relationship between brain potential amplitude and heart rate 
does not appear significant when the average correlations are 
considered. This would suggest, in this instance, that be- 
'tween individuals there was some relationship between heart 
rate and the amplitude of the brain rhythms which was not 
so pronounced when second by second variations in a given 
individual were considered. However, in view of the lack of 
consistency between subjects, the lowness of the correlation co- 
efficients and the size of the probable errors, it would appear that 
sone must be cautious in interpreting the relationships between 
brain and muscle or brain and heart as highly significant, at 
least until the significance of individual differences is established. 
. Figure 3 indicates that the relationships between the vari- 
ous measures may be higher when the general level of activity 
is higher. Since there are such extreme differences between 
individuals as to the magnitude and direction of the various 


relationships, the possibility arises that these differences may be 
related to individual differenc 


‘into four groups upon the basis of heart rates and muscle 
he average correlations for 


"each of these groups computed. In Table 4, Qi refers to the 


average heart rate or the 
ctivity, and Q, refers to the 


У. @ and Q; repre- 


In looking at the table 
between the size of the 


x 


ee 
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sidered, coefficients of .17 and ло were obtained between 

М) occipital and motor frequency and muscle amplitude. These 
figures were slightly higher (.21 and .20) when the average 
correlations were considered. It is interesting to note that 
80 percent of the subjects showed some positive correlation 
between occipital frequency and muscle amplitude, and 75 
percent showed a positive relationship between motor fre- 
quency and muscle amplitude. 


TABLE 5 


AvERAGE CORRELATIONS, AVERAGE MUSCLE Action POTENTIAL AMPLITUDES AND 
Averace CORTICAL FREQUENCIES FOR SUBJECTS SEPARATED INTO GROUPS 
UPON THE Basis or THE DIRECTION or RELATIONSHIP BETWEEN 

» Cortica Frequency AND Muscis AuPLITUDE 


Average Average 
Amplitude in | висота in 
x Mlcrovolts Waves per Sec, 
Positive r between Occipital Frequen 
and Muscle Amplitudes. i. O y 13.7 
Negative r between Occipital Frequency 
and Muscle Amplitude............... 7.0 11.9 
Positive r between Motor Frequency and 
NUS vere EUNT E 79 13.6 


du et TN i i 13.6 


Table 5 presents data comparing the groups in which there 
Was а negative relationship with those in which there was a 
positive relationship. In this instance, as before, we find 


some indication of higher relationships when muscle amplitude 
and brain frequencies are high. 


Discussion 

The purpose of the Present stud 
the relationships between an electrical sj 
the electroencephalogtam, and two ot 
bodily activity, the electromyogram 
gram; and to attempt an interpretati 
of current theories of Psychological p 
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be of significance in considering the concep 
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One might conclude that the activity of three separate, 
discrete functional systems was sampled and that these sys- 


tems function independently of each other. However, it is: 


evident from a detailed analysis that the highest levels of 
cortical ‘activity, as indicated by the frequency of cortical 
potentials, were found in seconds containing the most muscu- 
lar activity, as indicated by the amplitude of the muscle action 
potentials. Furthermore, when the subjects from whom the 
positive correlations between brain frequency and muscle 
amplitude were obtained are compared with the subjects from 
whom negative correlations were obtained, the first group is 
characterized by slightly higher average brain frequencies and 
muscle amplitudes. (The groups unfortunately were too 
small for statistical comparisons to be made.) : 
R. C. Davis and his co-workers (5, 6, 7, 8, 9, 10) have an 


imposing array of evidence indicating that increased muscle: 


action potential amplitude accompanies psychological work, 
Similarly, the various electroencephalographic data discussed 
by Knott (24) indicate that increased brain potential fre- 


quency may accompany psychological work. This leads to 


the hypothesis that during activity, at least, there should be 
some relationship or correspondence between these two elec- 


trical phenomena. 

Therefore, before one concludes that the functioning of 
the cortex, the muscles and the heart, as measured electrically, 
are not related, the possibility of relationships must be in- 
vestigated when subjects are psychologically active. — 

If the results of such an investigation are negative, the 
validity of the measures used will need consideration. It is 


possible, even though the existin 


improbable, that the electroencephalogram is of no use as a | 


psychological ‘litmus paper,’ or that the electromyogram is 
not an adequate sign of peripheral activity. It is further 
possible that, as suggested before, all of these electrical phe- 


nomena are quite discrete. 


The negative results in the present study would appear to 


t of the postural 
substrate. 


. Е 


g evidence makes it seem 
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Skeletal muscular tension and the secretions of endocrine 
«glands are said to be very important to this ‘general organic 
‘background’ which operates to sustain and determine the 
‘vigilance’ of the central nervous system (13,14). Freeman 
(13) discusses the possible use of the electroencephalogram as 
an index of central nervous activity and the electromyogram 
as an index to the activity of skeletal muscles. The level of 
mental activity is hypothecated to be a function of bodily 
activity throughout the range from ‘sleep’ to ‘collapse’ (14). 
Whether or not one can postulate exact concomitance be- 
tween muscle action potential level and cortical frequency 
level on the basis of the concept of the postural substrate is 
entirely problematical. If the muscle action potential level 
in the resting state is an index of the general tonic substrate 
activating proprioceptive systems and so leading to cortical 
"disturbances, such a postulation, as suggested above, should 
be verified. That it was not leads to a careful consideration 
of the postural substrate. 

One might have predicted from the hypothesis that varia- 
tions in muscle action potential level and cortical frequency 
level would correlate fairly well (at least above . 50 or .60). 
The lack of correlation indicates that: (а) the postural sub- 

‚ Strate is not an adequately defined concept, or else it is not a 
useful concept; or, (b) the electromyogram and the electro- 
encephalogram are not specific enough as indicators of their 
Tespective physiological processes; or, (c) the electromyogram 
and the electroencephalogram are too specific (or local) as in- 
dicators of their respective physiological processes, 


The postural substrate, as a generality, seems reasonable 


and indeed likely. The concerted efforts of a number of lab- 
oratories may give it Powers of prediction which will provide 
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‘ап adequate test of its theoretical fruitfulness. It is suggested 
that such efforts be made. ' 


Summary AND CONCLUSIONS 


I. The problem of the relationship between central and 
peripheral activity has been approached through the use of the 
electroencephalogram, the electromyogram and the electro- 
cardiogram. Simultaneous recordings of these phenomena 
were made from 20 adult normal subjects. 

2. No consistent relationships were obtained between these 
various signs of activity while the organism was in a waking, 
but resting, state. 

3. It was concluded that during a resting state three 
rather separate and distinct functional systems, operating 
independently of each other, were recorded. ] 

4. The suggestion was made that during a psychologically . 
active state more consistent relationships would be obtained. 


(Manuscript received June 26, 1940) 
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NEUROPHYSIOLOGICAL AND PSYCHOLOGICAL 
CHANGES INDUCED BY CERTAIN DRUGS: I. 
RESPONSES TO ELECTRICAL STIMULATION ! 


BY OLIVER D. FOWLER? 
State of Iowa, Department of Social Welfare 


'The use of drugs as a means of experimental approach to 
psychological and psychopathological problems affords direct 
access to certain physiological relationships, and for this 
reason such methods have been widely used (76). However, 
the nature of the observations made, and the interpretations 
of the results have varied according to the particular view- 
points and objectives of the experimenters. Kraepelin and 
Nissl, for example, carried out their work with the hope of 
producing artificial psychotic conditions which could be cor- 
related with histological changes produced by the drug, on 
the assumption that there is an organic basis for psychotic 
‚ conditions. Later workers in the field of psychopathology 
have utilized more recent psychiatric viewpoints in the study 
of drug phenomena. Such work is exemplified by that of 
Lindemann (65) and Lindemann and Malamud (67). A wide 
diversity of other attempts to gain insight into the nature of 
psychological phenomena, both normal and abnormal, through 
the use of pharmacological agents might be quoted. The 
purpose of the present work has been the study of neuro- 
physiological measures in relation to the action of drugs affect- 
ing the nervous system and to the psychological changes 
involved. 


1 This is the first of two papers which together comprise the main content of a dis- 
sertation submitted in partial fulfillment of the requirements for the degree of Doctor 
of Philosophy in the Department of Psychology, in the Graduate College of the State 


University of Iowa, January, 1940. La 
2 Appreciation is CEA to Dr. Jacques Gottlieb and Dr. William MalamudHfor 
their time and assistance in this study, which was made possible through the coóperation 

of the Psychopathic Hospital of the University of Iowa. | 
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In this study, the influence of four drugs (adrenalin, 


mecholyl,* cocaine," and sodium amytal *) will be considered. 
The study is divided into two parts, according to the two 
types of neurophysiological observations made. In both 
parts the psychological changes which occurred after the ad- 
ministration of the drug concerned were recorded. These 
data consist of observations of and subjective reports given by 
the subject spontaneously or in response to questioning. In 
the first group of experiments, measurements of rheobase, 
' chronaxie and effects of repeated stimuli upon intensity and 
duration, respectively, with reference to the chronaxie point, 
were made upon a peripheral nerve and its muscle, In the 
second group of experiments electrocortical potentials were re- 
corded and changes subsequent to drug injections were noted. 


Tue EFFECT or ADRENALIN, Mecuotyt, COCAINE AND 
Sopium Amyrat Upon RESPONSES To QUANTITATIVE 
ELECTRICAL STIMULATION 


The introduction of the time factor in studies of tissue 
excitability is generally accredited to Lapicque (50), who 
formulated the concept of chronaxie. Hoorweg and Weiss 
(83) had previously studied the relationship between intensity 


and current duration when comparatively short durations 
were employed. Prior to the 


stimuli. Lucas (68) 
the time factor, and 
the term chronaxie, 
nt necessary to pro- 
tensity is twice the 


* Acetyl-B-methylcholine, 
5 Cocaine hydrochloride, 
* Sodium iso-amyl ethyl barbiturate. 5 : 
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. pendent upon the time of stimulation. In the last two, dec- 


ades a variety of data have been collected in which the time 
factor has been measured (21, 29, 85). Determinations of 
excitability have been carried out upon single nerve fiber 
preparations, nerve-muscle complexes, sense organs, the spinal 


cord and various areas of the brain, in relation to many factors 


influencing the functional state of the nervous system, and the 
concept of ‘chronaxic switching’ (52) has been proposed as a 
basis for the explanation of selective functioning of the cen- 
tral nervous system. Lapicque has differentiated subordina- 
tion and constitutional chronaxies (51), the former value 
being that obtained when the tissue in question is functioning 
under the influence of the nervous centers, while the latter 


is that value ascribed to the tissue in its own right after re- | 


moval of this influence. 

Modified techniques have been devised to permit clinical 
studies upon man (38, 59, 82). While much work has been 
done with drugs in the study of nerve and muscle tissue, 
relatively little use has been made of available clinical proce- 
dures in relation to the effects of drugs upon man. Malamud, 
Lindemann and Jasper (69), studying the effects of alcohol, 
found changes in the motor chronaxie and in the flexor-ex- 
tensor ratio under this drug. Lindemann (64), using adrena- 
lin, sodium amytal, cocaine, mescaline and hasheesh, discusses 
similar changes with these drugs. The results, though sug- 
gestive, were difficult of interpretation, and the present study 
was undertaken with a view to determining whether or not 
modifications in the apparatus and technique used in such 
work would prove enlightening. 

Colle and Delville (18) and others have suggested that 
excitability is not adequately characterized by the two par- 
ameters of intensity and time alone, and the difference be- 


tween subordination and constitutional chronaxies indicates 


that frequency of stimulation should also be taken into con- 


sideration, especially in studies made upon the intact organ- 


ism, since in normal functioning of the 
of stimuli rather than isolated ones are the rule, 
the exception. For these reasons 4 modification 


rather than 
of the ap- 


nervous system series | 
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paratus, permitting the use of repetitive stimuli as well as 
single stimuli, was utilized, as in a previous study by Weisz, 
Malamud and Fowler (84). 
` A second modification, not used in any previous study, 
` concerns the type of electrode used. Davis (20) has com- 
mented upon the relationship of the size of the stimulating 
electrode to the chronaxie value of muscle, and Lapicque (53) 
has criticized the work of Grundfest (36) and others upon the 
basis of differences in the method of application of the electric 
current. The type of active electrode conventionally used in 
clinical stüdies is that described by Bourguignon (1 I). This 
consists essentially of a, handle to which is attached a chlorided 
disc of silver, covered with canton flannel and bound with 
gauze. In use, the electrode is dipped in physiological saline 
solution and then held in place by hand upon the subject’s 


skin over the motor point of the nerve, which is first found by 
exploration. 


factors as possible. The values obtained with this 
electrode were found to be influenced by slight movements of 
the contact surface on the skin, by alterations in the pressure 
of the electrode upon the surface of the skin, and by spreading 
and evaporation of the Saline solution on the surface of the 


с tibed shortly) was 


type of 


skin. Accordingly, an electrode (to be desc 
devised to eliminate these factors, 


Apparatus anp PRocepure 
The chronaximeter used i conderiser-discharge type of 
with, however, a variable resistor of 20,000 
stead of the Constant resistor of 1 1,000 ohms 
means of this modification, the resistance in 
ect could be adjusted so that the total resistance was 
This value Was selected, since its substitution in the 
Me пиве His ars RG (where T is in seconds, R 
C in mi. ТАКТ ДКны ы a EMG Once s ia T0. milli: 
seconds and C is iei ii i [ 
“л ae and the chronaxie is obtained directly by multiplying 
„ЗА 280 volt B-eliminator, supplied by rro volt alt i 
charging source for the condensers, 
adjusted. 


employed in the Bourguignon circuit. By 
the shunt-circuit for the subj 
always held at 10,600 ohms, 
formula for the time of a conde: 
in ohms, and Cin microfarads), 


Е е 
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'The unit used for repetitive stimulation consisted of a motor-driven revolving 
drum having projecting teeth which as they passed a pair of contacts served as a switch- 
ing device, alternately closing the charging circuit to the condensers, then opening this 
and simultaneously closing the discharge circuit to the patient; the number of times 
that this charging and discharging process occurred per second equaled the number 


of teeth which passed the pair of contacts per second. These contacts were movable # 


and could be set at any given position along the drum so as to encounter any desired 
number of teeth up to 30 per revolution of the drum. A doubling gear ratio arrange- 
ment allowed either one or two revolutions per second of the drum; thus frequencies up 
to 60 per second could be obtained. 

An indifferent electrode, consisting of a 6 X 10 cm silver plate, chlorided, covered 
with canton flannel and soaked in physiological saline solution, was fastened to the 
Subject's chest. The subject was placed in a reclining position, with the arm and 
fingers relaxed. With a small electrode of the Bourguignon type, 5 mm in diameter, 
as the active electrode, the skin surface of the forearm was explored, using stimuli 
of varying intensity, in order to locate the optimal motor point, which was then care- 
fully marked. All determinations were made upon the radial nerve and the muscles 
supplied by it. An electrode, consisting of a small rubber nipple with a hole in the 
top, an inner coil of chlorided silver wire sealed through the side, and having a bottom 
diameter of 5 mm, was then attached to the dried surface of the skin over the marked 
motor point by means of collodion. After the collodion had dried the electrode was 
filled with physiological saline solution by introducing the needle of a syringe through 
the small hole in the top. Thus а non-polarizable electrode having liquid contact with 
the skin over a constant surface area and at a constant pressure was formed. 

In previous work the customary procedure had been to depend upon sight for the 
determination of the threshold response, watching the surface of the skin for indication 
of contraction of a muscle or movement of a tendon, and attempting to duplicate the 
least perceptible response by variation of the intensity or time factor, thus obtaining 
the threshold for the variable in question. This method is, however, open to several 
j The results are dependent upon lighting conditions, with reference to the 
position of the subject's arm, and a slight shift in position may alter the visibility 

markedly. Moreover, the success of the method varies with individual differences in 
Anatomical makeup. In some cases the movement is easily perceptible, the muscle or 
tendon being thrown into bold relief when the current is applied and becoming im- 
perceptible at a rather distinct threshold value. In other cases the amount of sub- 
cutaneous fat and the structure and disposition of the subcutaneous structures make 
the movement difficult to perceive and the end-point a matter of some conjecture, 
Because of these difficulties the use of some other method was decided upon. The 
use of various mechanical devices seemed limited either because of lack of sensitivity 
or impracticability in application under the experimental conditions. It was found, 
however, that the sense of touc! à : 
method, Following this procedure, the observer placed his fingers on the skin surface 
at the point at which he found the response to be most easily detected, and the stimulus 
was then varied above and below the threshold in accordance with the usual method 
for determining the threshold. By this means the results obtained were much more 
consistent and the end-point markedly more distinct than was the case when the visual 
method was used. A variation of one or two volts often sufficed to abolish or re-estab-. 
„lish the response. Furthermore, the great individual differences encountered in the 
previous procedure were eliminated to a considerable extent, because of the greater 


objections. 
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sensitivity of the touch determinations. For these reasons determination of the 
threshold by the touch method was used throughout the present series of experiments, 

After adjusting the resistor of the chronaximeter to compensate for individual 
variations in skin resistance in order to obtain a total resistance of 10,600 ohms, the 
determinations were begun. The rheobase was first determined, then the chronaxie. 
Next, with the duration of the stimulus kept constant at the chronaxie value, intensity 
values necessary to produce the threshold response at frequencies of 4, 8, 12, 18, 24, 30, 
40, 50 and 60 stimuli per second were determined, the repeated stimuli being applied 
for one second intervals. Following this, the intensity value was kept constant at 
twice the rheobasic value, and durations of stimuli for threshold response at the fre- 
quencies mentioned were determined. 

Two control experiments, using no drugs, were run on each subject on separate 
days. The first control experiment consisted of three series of determinations of rheo- 


base, chronaxie, and intensity and time variations with Tepetitive stimulation, these 


determination series being separated by 30 minute intervals. Throughout the experi- 
mental period the subject was reclining, and had received instructions to relax and lie 
quietly, 


the first experiment. In this period a complete set of control determinations was made, 
followed by a hypodermic injection of saline solution. Two subsequent sets of deter- 
minations followed, one 15 minutes after the injection and one 45 minutes after the 
injection. 

In the drug series of experiments the same Procedure was followed as in the saline 
control experiments, A set of control readings was made, followed by injection of the 
drug. Immediate and later determinations, 15 and 45 minutes, respectively, after 
administration of the drug, were then tecorded, 

Observations of the subject’s behavior, spontaneous remarks, and information in 
Tesponse to questioning were recorded. Blood pressure and pulse readings were taken 
Just prior to each set of electrical measurements, 

At the conclusion of the experiment, if the subject was to be used again with 
another drug, the motor point used was carefully marked with methyl violet to insure 
its use in Subsequent determinations, In all of the experiments of this group, each 
subject. was used six times, at dates two or more days apart, and at approxiniately the 
same time of day. The series for each Subject consisted of a control determination 
with no injection, a control with saline injection, subcutaneous injection of 1 cc. 
adrenalin hydrochloride in 1 з 1000. dilution, subcutaneous injection of 10 mg. mecholyl, 


subcutaneous injection of 50 mg. cocaine h: drochloride, and intrav з injection of 
у‹ 
е, intravenous inj 


. Resutrs 
ue I, 2, 3 and 4 present the individual data obtained 
1 1X separate e ime i ilizi i 
subjects, , з шш Hee пе 
question after the injection of the drug, 
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The second control experiment was made following at least a day’s interval after 
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the figures being expressed as positive or negative, according 
to whether the maximum change was an increase or decrease 
over the control measurement taken at the beginning of the - 
experimental period. By maximum change is meant the 
greatest difference between this first control determination, 


TABLE 1 


Maxımum СнАксЕ IN Uwrrs or Ёнеовлѕе (Vorrs) AnD CHRONAXIE 
(Mituseconps) Wits Injection or Drucs * 


Type of Case 


Schizophrenia 


(hebephrenic) ... 
Schizophrenia 
(catatonic)...... 
Manic-Depressive 
(depressed) . .... 
Manic-Depressive 
(depressed) . . ... 
pA pte Per- 
sonal! 
рове 
огта1.......... 


* These data and those in the following tables were obtained during six separate 
experimental periods for each of nine subjects. 


TABLE2 * 


‚Млхмом Cuance IN RHEOBASE AND CHRONAXIE, EXPRESSED 
IN Percent, WITH INJECTION OF Dnucs 


зао. 


hrenia 
eiS) ve. 
Schizophrenia 
(catatonic)...... 
Manic-Depressive 
(depressed) . sive . 


у........ 
Psychoneurotic. . 
Normal. 
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TABLE 3 


Maxmum CHANGE IN Intensity AND Tre wira REPEATED 
Srmrutation Wire Injection or Dmucs 


TABLE 4 " 


Maximum CHANGES IN INTENSITY AND Tre 
EXPRESSED IN PERCENT, 


WITH REPEATED STIMULATION, 
wits Injection or Drucs 


Type of Case 


—— | 

Schizophrenia 
(simple). ..,.... 

Schizophrenia 


се was recorded. Thus any 
hould appear in the table. 
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Table 2 shows the maximum change in volts and milli- 
. seconds of rheobase and chronaxie. Table 2 expresses these 
changes in percent of rheobase and chronaxie. Table 3 shows ' 
the maximum change in volts and milliseconds as a result of 
summation effects with repeated stimuli. Table 4 expresses 
the latter changes in percent of intensity and time. ` 

If the controls are compared with the results for each drug, 
it can be seen that there is no tendency for any drug to pro- 
duce a consistent change in any of the measures taken. There 
are fluctuations both in sign and in magnitude, as in the 
control values, but in light of the control values there are 
neither any marked changes in magnitude nor consistent 
deviations in sign which are obviously ascribable to the effect 
of the drug. Likewise, no conclusions can be drawn as to the 
possible influence of psychopathological states. - 

Two possible conclusions thus present themselves: (1) the 
psychological effects produced by the drugs used are not ac- 
companied by any detectable peripheral manifestations of 
alteration in excitability, or (2) such manifestations may occur 
but are not detectable by the methods used. 


Discussion 


In order to emphasize the nature of the results obtained i 
in this study, mention will be made of pertinent researches in 
which changes in rheobase and chronaxie have been studied 
in relation to the action of various drugs upon physiological 
preparations.. M. Lapicque and Vahl (58) found that in the 
cerebrate or decerebrate frog large doses of caffeine reduced 
the motor chronaxie of the sciatic nerve to half the value of 
the sensory chronaxie, when the thalamus was intact. They 
report that the effect of caffeine on the motor chronaxie 
is more distinct when the cord is free from the thalamic in- 
fluence. M. Lapicque and Nattan-Larrier (57); using 1 mgm. 
doses of adrenalin, found a reduction of the chronaxie of the 


gastrocnemius muscle of the frog to one third its original value 


within thirty minutes. Adrenalin is also reported to diminjsh 
an increased muscular chronaxie due to fatigue. M. Tre 
has stated (56) that strychnine increases the excitability o 
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the motor nerve without affecting that of the corresponding 
muscle, and that a dose of this drug fifteen times as great is 
needed to produce the same effect on peripheral nerve when 
the higher centers are destroyed. Chloroform and ether may 
completely alter the chronaxie and rheobase, according to 
Buchanan and Garven (16), and L. Lapicque and Legendre 
(55) have contended that changes in excitability of myelinated 
nerve produced by chloroform, ether, cocaine and novocaine 
are paralleled by the morphological changes in the nerve, the 
chronaxie diminishing and the rheobase increasing with pro- 


` gressive swelling of the myelin sheath. The action of sco- 


polamine, according to Rudeanu and Bonvallet (73), is. to 
equalize the chronaxies of antagonistic muscles. Other work 
in addition to these researches might be quoted, which in- 


„dicate that similar results might be inferred to be observable 


in studies upon man. 

It is evident, however, that no such results have been ob- 
tained in the present experiments. Several possible differ- 
ences in experimental technique at once suggest themselves. 
One is that many of the drug effects which have been reported 
have been obtained with pharmacological agents applied di- 
rectly to the nerve or muscle in question, a procedure which 
would give a much greater concentration for local action of 
the drug, but which provides no information as to the central 
changes which are the primary interest of the present study. 
The type of stimulation employed in the clinical procedure is, 
because of its nature, more complex. Possible sensory stim- 
ulation and Proprioceptive impulses due to the muscular 
Tesponse may complicate the picture, Stimulation through 
the skin is necessarily more diffuse and indefinite than that 


. Since, 
a wide range of 
g Variations in excitability of 
€ found (24, 54), the meaning 
the nerve trunk is not clear. 
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Moreover, the relation of trunk fibers to motor units of the 
muscle, and the alternating behavior of motor units in mus- 
cular response only add further to the confusion when any 


'attempt is made to reàch a physiological interpretation of 


measurements made through the skin upon intact human 
nerve or.muscle. | Even if it were granted that by the methods 
used it is possible to measure accurately the chronaxie of a 
peripheral nerve and its muscle without reference to the above 
mentioned factors, there is still contention as to the theoretical 
significance of chronaxie. These controversial points have 
been well summed up by Davis and Forbes in their review 
(2x). The interpretation of subordination and constitutional 
chronaxies is intimately tied up with these controversial 
points. Even the supposed influence of the nervous centers 
in determining subordination chronaxie values has been con- 
tested, Lambert, Skinner and Forbes (47) having found in 
one series of experiments that changes in rheobase and chron- 
axie found after section of a peripheral nerve, and supposedly 
due to release of the peripheral nerve from central control, 
are correlated only with proximity of the section in the nerve 
to the electrodes. Davis and Forbes have cited such evidence 
bearing upon subordination, pointing out that subordination 
now appears to be due to an alteration in the intensity factor 
rather than in the time factor of excitability, and that if sub- 
ordination is, as it appears to be, a polarization effect which 
alters the rheobase of the nerve but leaves the time factor 
unchanged, the role originally assumed for chronaxie in the 
coórdination of the.nervous system can no longer be upheld. 
Further, the concepts of isochronism and the dependent theory 
of chronaxic switching, which were advanced to explain ac- 
tivity and coórdination in the central nervous system, have 
been shown to be unwarranted as strictly applicable laws, 
both by experimental. evidence and by t Ј 
It is also pointed out that mathematical formulations of ex- 


citability either obtained empirically or derived theoretically 
have failed to yield any single index of tissue excitability 
which may serve as an adequate representation, and that 
chronaxie must therefore rest upon its merits as an approxi- 
mate empirical index. _ ! E 


a í 


heoretical analysis. 
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Inasmuch as measurements of rheobase, chronaxie, and 
effects of repeated stimulation as described herein have failed 


‘nerve and muscle. Knoefel found that the curves shift, that 
the chronaxie does not vary directly with the excitability as 
determined in this manner, and that these effects are inde- 


pseudochronaxies; the further statement is made that it is 
questionable whether any single point can adequately repre- 


(The second and last ра i i 
; à рег of this study, i ibli 
sections, will appear in a Succeeding issue of d Eos € уыш МЫСЫ | 


(Manuscript received June 26, 1940) 
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THE NEUROPHYSIOLOGY OF HEARING: I. THE 
MAGNITUDE OF. THRESHOLD-STIMULI 
DURING RECOVERY FROM ` 
STIMULATION-DEAFNESS 


BY ALFRED H. HOLWAY, ROSE C. STATON AND MICHAEL J. ZIGLER 
Wellesley College ` 


The work of Békésy and others indicates that adaptation 
is a lawful characteristic of human hearing (2, 16, 19), i.e., the 
threshold-stimulus is raised for a period of time immediately 
following the termination of an intense tone. This indication 
is suggestive. It suggests a need for added controls as regards 
existing conditions in auditory experiments. There is sug- 
gested, for example, the need for a careful control of the factor’ 
of time in an exposure (= T X 1) to the auditory stimulus, and 
for a more complete specification concerning the condition of 
the test-organism. The indication also suggests the possi- | 
bility that the magnitude of auditory threshold-stimuli may be 
governed by rules similar to those which operate in vision (17), 
kinesthesis (10, 11), taste (4), and smell (22) during the course 
of recovery from the effects of previous stimulation. j 

These indications, of course, ate not conclusive. Direct 
experimental results are needed to ascertain their actual status. 
Such results may be obtained simply and conveniently by 
submitting the auditory mechanism to the effects of strong, _ 
intermediate and weak exposures so as to produce in varying - 
degrees what has been called ‘fatigue’ or *stimulation- 
deafness’ (18). З 

Certain of these indications, on the other hand, are actually 
required by theory. A theory which requires a specific alter- 
ation in the threshold-stimulus subsequent to an exposure is 
the theory of neural availability (5). According to, this 
theory, the nerve-fibers and cells constituting the auditory | 
nervous mechanism normally require a constant amount of 
activation in order to produce, remotely, a threshold amount of . 
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presumably decrease and gradually return to normal. Hence, 
immediately following the termination of a sufficiently intense 
tone, the amount of stimulation at the ear needed for tonal 
perception becomes smaller and smaller as a function of time 


“i The present Paper examines the validity of the predictions 
thus required by theory for experiment. Additional neuro- 

2 Physiological implications are also considered. 
Apparatus, Method and General Procedure—The output of a beat-frequency 

, led to a continuously variable 


- receiver was measured by means of a sound-level meter cali 
microphone, The frequency of the tone used throughout 
Tts acoustic Purity was checked with а cathode-ray osci 


of a five minute period during 
The sübject was then 


н > үе minutes. At i - 
interval, the Pressure-variation at the ear-drums due ON oL dh nis iae 


immediately reduced to "zero. The : to the exposure-stimulus was 


time. Starting with an inaudible tone, the observer continuously increased the in- 


е until the to; i х 
ЖК Еле ш т аон е > id heard. He Tepeated this procedure 
102 еа " ; used. The intensityJeye] 9f the loudest tone was 
g br: date sound, 82 аЬ. and that of th 
above the adopted Teference-level of 5 Ag „0 the weakest tone, 42 db 
pues of 0,204 millibar, This value possesses the same 
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orderof magnitudeas the auditory. thresh 5 t 
tone. The exposure-time in every case was five minutes. 


Results.—A number of complete curves have been obtained 
under these conditions for each of the subjects (the writers). 
The results for typical functions secured from two of these 


observers are presented in Table I and Fig. 1. 


TABLE 1 М 
THRESHOLD-STIMULI IN Loc Bars FOR AN 800 c. P. STONE AS А Function or Post- 
EXPOSURE TIME FOR THREE DIFFERENT EXPOSURE-INTENSITIES 
. re р " H 
The exposure-intensities were 42, 82 and 102 db; exposure-time (= 5 min.) and 
frequency (= 800 c. p. s.) were parameters, - 1 
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The results presented in Table I demonstrate that the 
threshold-stimulus for hearing at 800 c. p. s. is a RUE 
function of the time subsequent to the exposure. As the 


post-exposure time increases, the intensity of the threshold- 


“| res rj 16 
stimulus decreases, continuously approaching the thresHold- 


stimulus value obtained immediately before the exposure. 
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LOG INTENSITY, IN BARS 


400 


200 300 
ADAPTATION - TIME , IN SECONDS 
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LOG INTENSIT 


45 


exposure. "The total Tecovery-time (= j) — ' х 
1х2). For Reurophysiologica explanation, Ў 


вее text. 
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The general nature of this function is to be seen in Fig. 1 

* which contains three curves for each of two observers (A. H. H. 
and К. C. $). The curves are typical. The ordinates аге 
spaced logarithmically (log bars), the abscissz in arithmetical 
units(secs.). "Thearrow drawn parallel to the axis of abscissas 
is in each case the mean value of the threshold-stimulus, 
secured at or near the close of the five minute preéxposure 
period. 

"These results show the inverse nature of the functions 
relating the magnitude of the threshold-stimulus to the post- 
exposure time for three stimulus-intensities. They also de- . 
monstrate that the magnitude of the threshold-stimulus at any 
moment during the recovery-interval is an increasing function 
of the exposure-intensity. Fifty seconds after the exposure 
ended, for instance, the threshold-stimulus is greatest for the 
102 db tone, intermediate for the 82 db tone, and least for the 
42 db tone. The total recovery-time accordingly varies di- 
rectly with the exposure (= J X t). These observations аге 
valid for the results secured from each observer. 

For completeness, it may be added that the rate of change 
in the threshold-stimulus with respect to post-exposure time 
(rate = dAIo/di) for the conditions of this experiment is а, 
single-valued, monotonic, decreasing function of the post- 
exposure time itself (cf., 16, 18, 19). This characterization is 
accurate for each of the functions shown in Fig. 1 and thus is 
independent of the particular exposure-values employed. The 
slopes of the functions are negative in all cases. For any one 
of the curves drawn in Fig. 1, the slope is numerically greatest 
at the outset, decreases rapidly at first, then less rapidly, and 
finally tends to approach zero. For the more intense stimuli, а 
the slopes:do not quite reach zero; this, however, is due simply 
to the fact that the measurements were not taken for a suffi- 
ciently long period of time. No one of the functions drawn in 
Fig. 1 can be accurately fitted by a power function. When the 
data are plotted on a double-log grid (log J versus log 2), each 
function exhibits a marked curvature. If the first measure- 
ment of each of the higher exposures is disregarded, then*the 
curvature is always concave upward. These curves are to be 


* 
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‚ described analytically by a function which assumes the form 
of a general exponential equation. 

Several of the plotted values depart considerably from the 
curve supposed to represent the trend of the measurements. 
One or two of these values are probably due to experimental 
etror. Others, however, are probably ‘not ‘instrumental or 
accidental errors. "They may be ascribed to lawful variations 

` in the observer, i.e., organic variations which may be cyclic in 
character. D 

"These results naturally suggest the converse problem of 
determining the function that the threshold-stimulus is of re- 
covery-time for exposure-intensity as parameter and exposure- 
time as variant. We plan to report on the nature of this 
function in the future. 

Theory.—Theories of hearing usually accord special at- 
tention to cochlear functions. Lessattention is paid to neuro- 
physiological processes. The psychophysical facts described 
above, however, can be interpreted solely in terms of experi- 
mentally established neurophysiological findings, 

Our interpretation follows the theoretical schema sketched 

_ at the outset of this paper. During any given exposure, the 
, tefractory periods of the involved nerve-fibers and cells may 
be assumed to increase by an amount which depends di- 
- reetly, if not proportionately, upon the stimulation-exposure 
(=I X12). Suchan assumption is consistent with two facts 
established by the works of Adrian (т) and Matthews (18): 
(а) during constant stimulation, the frequency of the impulses 
in a single nerve-fiber decreases as a function of time, and (b) 
the frequency at any given time is a direct function of the 
stimulating intensity. The assumption also harmonizes with 


the intensity-theory included in the volley-princi 
Y-principle proposed 
by Wever and Bray (cf., 21). Bae 


Throughout the recovery- 
of these anatomical elements 
tinuously and gradually ap 
This assumption is in harm 
Field and Brücke (3), 
nerve-fibers. Their 


interval, the refractory periods 
may be assumed to decrease, con- 
proximating their nominal value. 
ony with the results presented by 
who investigated the recovery of excised 
results show that the refractory-periods 
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: of nerves, completely separated from their peripheral endings, 


must recover in this manner as a function of post-exposure 
time. 

Now, if the magnitude of the threshold-stimulus (= АЛ») is 
assumed to depend upon the eventuation in the central nervous 
system of a constant number of impulses per unit of time, then 
the results of the present éxperiment can be sufficiently ac- 
counted for solely in terms of the neurophysiological activities 
just enumerated. The argument may be summarized as 
follows. 

Each exposure increases the refractory periods of the 
involved nerves. The excitation per unit time available to the 
stimulus is thereby reduced, and an increase in the threshold- 
stimulus intensity is accordingly required to eventuate in unit 
time the number of impulses necessary for tonal perception. 
Atany given instant during the interval of recovery, moreover, 
the threshold-stimulus is greater for the stronger exposures. 
It is greater because the refractory periods of the involved 
nerve-fibers are longer at that moment, wherefore fewer 
impulses per unit time are available to a given amount of the 
stimulus. Finally, the total recovery-period is longest for the 
strongest exposures because the refractory periods of nerves 
thus exposed recover most slowly (1, 3, 15). 

We believe that this account provides a sufficient expla- 


‘nation of our findings. The explanation, however, is by no 


means complete. A complete explanation as to why the 
threshold-stimulus varies as it does during recovery would in- # 
clude factors which are not neural. The sensory cells in the 
ear, for instance, may operate according to the same laws as 
nerve for strong stimulation and recovery. Residual effects 
may also take place at the junctions or in the immediate 
environment of the sensory cells and nerves. ‘These possi- 
bilities must be evaluated and ultimately written into the 
account which provides a complete interpretation. For the 
present, however, we would emphasize the fact that one can 
provide at least a sufficient if not a complete basis for ex- 
pecting the results obtained in our experiment solely on 
experimentally established neurophysiological grounds. The 
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obvious advantage of such a theoretical basis for the interpre- 
tation of sensory data lies not only in its factual nature but 
also in its generality. As a basis, it applies to data for differ- 
ence thresholds as well as for absolute thresholds in all 
departments of sense, t.e., vision (5, 7, 14, 17), kinesthesis 
(6, 8, 9, то, тт), taste (4), smell (12, 22). 
Summary.—Following exposure to tones of different loud- 
ness, threshold-stimuli were measured as a function of re- · 
covery-time. The exposure-intensities were 42, 82 and 102 db 
above a reference-level of 0.204 millibar. Exposure-time 
‚ (= 5 min.) and frequency (= 800 c. р. 5.) were parameters. 
All measurements were secured by way of the method of limits 
(continuous increase at a constant rate). 

Three principal facts were established by the measure- 
ments: (1) the threshold-stimulus as a function of post- 
exposure time was found to decrease continuously until it 
approximated its nominal preéxposure value; (2) at any 
instant during the interval of recovery, the magnitude of the 
threshold-stimulus varied directly with the exposure-intensity; 
and (3) the duration of the total recovery-period varied 
directly with the exposure-intensity. 


"These facts were explained in terms of the principle of 
neural availability. 


(Manuscript received October 3, 1940) 
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THE INFLUENCE, OF MUSCULAR TENSION 
ON THE EYELID REFLEX * 


BY FREDERICK A, COURTS 
University of Missouri 


Experimentally induced muscular tension has been found 
to influence the level of performance in mental work (2) (14). 
With successive increments in the amount of tension induced 
by having the subject grip a Smedley hand-dynamometer, 
performance is facilitated until it reaches a maximum with an 
optimal amount of tension. Tensions beyond this point re- 
sult in decrements, until with high degrees of tension per- 
formance finally falls below its normal level. Taking the 
dynamometer reading at the end of 30 sec. of maximum effort 
as a measure of the subject’s strength, it was found that the 
optimal tension for memorization of consonant syllables is 
% of this value (2). When tension is increased to 34 of the 
basic value, performance falls below normal. On the other 
hand, the amplitude of the knee-jerk, measured in terms of 
quadriceps-thickening, was found to bear an approximately 


linear relationship to dynamometer tension between o and 34 


. of the basic value (1). No decrement in the amplitude of 


> 


` perimentally induced tension the complexity of an activity is 


important in determining how that activity will be affected 
by such tension. Freeman (8) has presented data which tend 
to show that the greater the complexity of the performance, 
the earlier in the series of increments in tension will inhibitory 


* This investigation was assisted by a grant from the Universi A 
of the University of Missouri, $ sity Research Council 
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The purpose of the present investigation is to determine 
the effect of dynamometer tension on a relatively simple form 
of action, the eyeblink reflex to a puff of air on the cornea. 


APPARATUS 


The eyelid response was recorded photographically by the Dodge pendulum 
photochronograph (3). ‘The stimulus consisted of a puff of air produced by releasing 
the pressure of 30 mm of mercury in a manometer tube. The puff was delivered 
simultaneously to the outer margin of the subject’s left eye and to a strip of paper which 
cast a shadow on,the lens of the photochronograph. Lid reactions were recorded from 
the left eye by means of an artificial paper eyelash which cast a second shadow on the 
lens. Two 10 cm squares of frosted glass, separated horizontally by a distance of 25 
mm, and located directly in front of the subject at a distance of 65 cm from the eyes, 
constituted the field of fixation, which was viewed binocularly. Movements of the 
head during the recording of a response were minimized by having the subject bite on a 
tongue-depressor supported at each end in an adjustable clamp. 

A Smedley hand-dynamometer, equipped with an adjustable electrical contact 
and fastened to a movable stand, was placed on a shelf under the table at which the 
subject was seated. The handle of the dynamometer was on a level with the subject’s 
elbow. The electrical contact was connected with a relay which operated the source 
of illumination for the fixation field. When the dynamometer was gripped with a 
pressure equal to the setting of the contact + 1 kg, the fixation field was illuminated 
with a brightness of 0.05 apparent foot-candles. The handles of the dynamometer 


were covered with 34” of sponge rubber. 


PROCEDURE 
At the beginning of the experimental session, the subject was asked to grip the 
dynamometer as hard as possible and to maintain the pressure. The pressure main- 
tained at the end of 30 sec was taken as an indication of the relative strength of the 
subjects. Two records were obtained of each subject's eyelid reflex under each of 7 
degrees of tension. These were, in addition to the control condition of no dynamometer 
tension, tensions equal to }4, М, 3%, 14, 4, and % of the basic value as determined in 
the preliminary test of strength. Before recording each response, the experimenter 
gave the subject the command, ‘squeeze,’ Five sec after the fixation light went on, 
indicating that the correct amount of pressure was being maintained, the command 
Immediately after the eyelid had resumed its open position, the 
1 between the release of the pendulum and the air 


degree of tension. A rest period of 

the various conditions. In 

* experimenter turned on the fixation 
| F 


EXPERIMENTAL DESIGN 


ncrement (or decrement) in performartce 


The progressive i x 
es tice in most psychological experi- 


which accompanies prac 
bx 
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ments is frequently controlled by the counterbalanced order 
of presentation (A B C C' B’ A’), in which the series of experi- 
mental conditions is repeated in reversed order. This pro- 
cedure equates the means of the various conditions with re- 
gard to practice effects if the Progressive effect of practice is 
linear, an assumption which is rarely justified. Another form 
of counterbalancing which is frequently used is that of rotating 
the series of conditions so that subject I begins the series with 
condition A, subject II with condition B, etc. .This experi- 
mental design does not rest on the assumption of a linear 
practice gradient. It does, however, introduce an artificial 
increase in the variability of the obtained measurements. 
Thus, the estimate of the reliability of these measurements is 
toolow. F urthermore, as this technique is frequently applied, 
the experiment is designed so that the various conditions are 
always in the same serial order except when they come at the 
beginning or the end of the series. When that is the case, the 
design fails to control possible interaction between the juxta- 
Posed conditions. This latter source of possible error may be 


in the nature of a progressive gradient, or they may be ran- 
domly distributed. In the first cas У 


second case, the estimate of experi 
the total variance of the observati 


R. A. Fisher (5) (6) has devised 


ч 


Ш-ка 


. position of conditions. . 
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not permitted to distort the estimate of experimental error. 
Furthermore, this design makes it possible to estimate the 
amount of variance contributed by each of the randomized 
factors. 

The analysis of variance into its component parts so as to 
obtain a more accurate estimate of the reliability of the ob- 
servations assumes that whatever factor has resulted in dif- 
ferences in the means of the different groups of observations 
has not produced significant differences in group variance (10, 
р. 99). In other words, differences in the soil in various 
blocks within the experimental plot, although making for dis- 
tortion of the means, must have no effect on the variances of 
the yields from the blocks. In applying the Latin square 
design and the analysis of variance to psychological data, the 
practice effect may be considered as analogous to a gradient 
in fertility. Individual differences among 'subjects may be 
considered as analogous to unsystematic differences in the 
fertility of the blocks in the experimental plot. If the various 
portions of the total variance due to randomized factors are 
to be subtracted from the estimate of experimental error, it is 
necessary to make the assumption that practice effect has no 
significant effect on the variability of the group of subjects. 
This assumption can be justified only rarely. Consequently, 
an estimate of error from which the variance due to random- 
ized factors has been subtracted would not be valid in most 
psychological experiments. This objection to the use of the 
analysis of variance may be met, however, by providing the 
subjects with sufficient preliminary practice for their per- 
formance to reach a plateau of relative imperviousness to the 
influence of further practice, Although it would no longer 
be necessary to control practice effect, it would be possible 


to use the analysis of variance and the Latin or Latin-Graeco 
) f interaction and serial juxta- 


square to control the effects о 
s of variance is in'the 


Another application of the analysi | 
ctors in terms 


“comparison of the relative significance of two fa 


of the variance-which may be attributed to each. After she 
variance of the total set of ob 


servations has been broken down 
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into portions associated with the different influences ran- 
domized in the experimental design, the relative importance 
of any two randomized factors may be determined by obtain- 


` ing the ratio of the larger to the smaller of the variances 


associated with these factors. This ratio has been denoted 
as F by Snedecor (13, P. 173). Tables are available for the 


Latin square. The rows of the square correspond to indi- 
vidual subjects and the columns to serial order in the sequence 
of experimental conditions. The criteria to be met in designing 
such a square are that each condition occur once in each row and 
Once in each column, and that, aside from these restrictions, the 
position of the experimental condition in the square be deter- 
minedbychance. The designshown in Table 1 Was constructed 
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ReEsutts 


Amplitude of Response.—Amplitude measurements of rec- 
ords of the eyelid reflex secured by means of the Dodge 
technique present certain difficulties. In the first place many 
subjects show such a range of response from the open to the 
closed position of the eyelid that it is difficult to keep the 
record on the paper. Secondly, after complete closure has 
occurred, the eyelid may move without producing movements 
of the artificial lash. Because of the first difficulty, it was 
not possible to use the records from all of the 28 subjects in 
obtaining measurements of amplitude. By selecting those 

. subjects whose records did not run off the paper it was pos- 
sible to make up a complete Latin square for subjects of each 
sex. For these two groups, the mean amplitudes of response, 
in terms of mm of deflection on the record, are shown in Table 
2. All of the combined means from the tension conditions 
are lower than the combined mean for the control condition. 
The means under tension for the separate groups are in all 
cases but one lower than the mean for the control condition. 
No trend in amplitude with successive increments in tension 


is apparent. 


TABLE 2 


Mean Amptirupes or Ever REFLEX Unver DIFFERENT DEGREES or TENSION 
(MEASUREMENTS IN MM OF DEFLECTION) 


Dynamometer Tension 


o i i i i + D 
$1 | 464 | 441 5 | 499 | 427 | 418 
tix | 359 | 274 | 363 | 333 | 274 | зо 


The results of the analysis of variance are shown in Table 
Clearly there is no significant effect shown as the result of 
both groups of subjects the vari- 
1 conditions is less than that 


35 
dynamometer tension. For 


ance attributable to experimenta is les t 
- associated with individual differences among subjects. It is 


"also smaller than that associated with. practice effect. *The 
variance for the group of men is less than the residual 
+ > á " 


tension 
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variance due to uncontrolled factors. For the group of 
women, the tension variance is greater than the residual. 
The F-value, however, is only 1.56, whereas the 5 percent point 
of significance when the larger variance is based on 6 degrees 
of freedom and the smaller on 30 is 2.42. 


TABLE 3 
ANALYSIS OF VARIANCE IN AMPLITUDE or RESPONSE 


Although the analysis of variance shows no significant 
change in amplitude with different degrees of tension, the 
. possibility remains that tension, regardless of the amount, 
may affect the response. In order to test this, the average 

amplitude of response under all conditions of tension was 
determined for each subject. The difference between the 
mean of these values and the mean amplitude under no ten- 
sion was 5,6 mm. The t-value was 1.93, which for 13 degrees 
of freedom would be exceeded by chance less than 10 percent 
of the time. é 
Probably tension exerts a slight attenuation of the ampli- 
tude of the eyelid reflex. This effect, however, is not sta- 
tistically significant in terms of the t-test, nor is it important 
'in comparison with other factors which contribute to the 
variability of response. . 
Latency.—It was Possible to measure the latency of all of 
the records. € mean latencies in units of 0.01 sec. for the 


amounts of dynamometer tension. 


= "S РҮ 
ee oe ee 


eae d 
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TABLE 4 


Mean LarENcis оғ Еүғыр, Rertex Unper DIFFERENT Decrees or TENSION 
(MEASUREMENTS IN 0.01 SEC.) 


Dynamometer Tension 


Table 5 shows the results of the analysis of the variances 
of the 4 groups. “The variance associated with experimental 
condition is not significantly larger than that associated with 
individual differences among the subjects, or with practice ; 
effect. In the case of Group П of men the variance associated 
with condition is larger than that associated with serial posi- 
tion. The F-value is 3.96, while the 5 percent point of sig- 
nificance when both estimates of the variance are based on 6. 
degrees of freedom is 4.28. The tension conditions do not 
produce a significant variation in the latency of the response. 


TABLE 5 
Awatysis оғ VARIANCE IN LATENCY OF RESPONSE 


——————— 


293.47 
1173 
3.1 
12.58 
265.98 


Women II 


er all tensions was compared 


th age latency und i 
Ae co al 1 condition, the difference . 


with the latency under the contro 
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Е 


was found to be 0.56 hundredths sec. The tvalue is 1.93, 
which for 27 degrees of freedom would be exceeded by chance 
less than 10 percent of the time. 

The slight increase of latency which is shown under the 
tension condition fails to meet even the 5 percent criterion of 
significance. Furthermore, the effect of dynamometer ten- 
sion on latency of the eyelid reflex is relatively unimportant 
in comparison with the effect produced by other factors re- 
sponsible for variation in the measurements, 

Practice Effect.—Table 6 shows the mean amplitudes for 
serial positions in the experiment. There appears to bea 
slight decrease in amplitude with practice, This trend, how- 
ever, is not statistically significant, as may be seen from the 

. variances in Table d 
ы TABLE 6 


Mean AuPLITUDES ОР RESPONSE For 


Sertar Posrrioxs 
(MEASUREMENTS 1N MM or Deg 


FLECTION) 


ferent from that associated with experimental conditions 


(Table 5). Moreover, the residual variances in Table 5 show 


clearly that the variations in latency with practice are not 
significant. 
yf rg CoNcLUSIONS 

Peak (11) has found that under conditions of relaxation 
the amplitude of the eyelid response is less and its latency is 
greater than when the subjectis instructed to blink voluntarily 
to a light or when he is instructed to press a key in response 
to the sudden noise which elicits the blink. The subject was 
instructed to prepare for the voluntary finger depression by 
tensing his forearm so that he would be able to react more 
quickly. This suggests that muscular tension may increase 

“the amplitude and decrease the latency of the eyelid reflex to 
a sudden noise. Peak (12) has also reported that the ampli- 
tude of the lid response tends to increase in direct proportion 
to the logarithm of stimulus intensity, and that this increase 
with increased stimulation is less under conditions of relaxa- 
tion than under the relatively tense condition which accom- 
panies voluntary set. The failure of the present investigation 
to corroborate her finding that the amplitude of response is 
greater when the subject tenses his forearm may be due to 
differences in the strength of stimulus used in the two experi- 
ments. Moreover, the effect of tension on the amplitude and 
latency of response may not be the same when the eyelid 
reflex is elicitedyby a puff of air to the cornea as when it is 
elicited by a sudden noise. : " 

* Freeman (8) has mentioned, without formally presenting 
the data, a small number of observations which suggest that 
tension induced in the lower limbs facilitates the eyelid reflex. 
Since the facilitation was not shown to be statistically signifi- 
cant, his results are not in conflict with those of the present’ 
study. 

The fact that the eyelid 
cantly altered by dynamomete: 
greatly facilitated by such tension (1), may be due to the 
relationship between the musculatures involved in thesg re- 


: sponses and the locus of the dynamometer tension, Freeman 


reflex was not found to be signifi- 
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г tension, while the knee-jerk is . 


v* 


688 "FREDERICK 4. COURTS 


(7) has presented evidence that optimal facilitation of a reac- 
tion is produced by. tension in muscle groups most closely 
allied with the reacting member. The spread of tension re- 
sulting from dynamometer effort may be greater to the muscles 
involved in the knee-jerk than it is to those involved in the 
reflex blink. 
The difference in susceptibility of the two responses to 
‚ * tension may, on the other hand, be due to differences in the 
neural pathways involved. The proprioceptive pathways ex- 
cited by the sustained muscular tension result in a heightened 
level of cortical excitation. Numerous Studies (4) indicate 
that the knee-jerk is extremely sensitive to the general level 
of activity in the nervous system. In contrast, the eyelid 


fore the patient becomes unconscious (9, p. 201). This sug- 
gests that the facilitative or inhibitory effect of experimentally 
induced muscular tension Оп a given activity is a function of 


measure of muscular tension, J. exper. Psychol., 


experimentally induced muscular tension and 
» 1939, 25, 235-256, 


4. Fearing, F.,A history of the experimental study of the knee-j 


ie methods for research workers, Edinburgh: Oliver and Boyd, 


б. Fisuer, R. A., The design of experi nt; i $ 
7. Fazrwan, G. L., The optima] [iugo о Mus el Pie d. tor: 
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THE TIME OF ADMINISTRATION AND SOME 
EFFECTS OF 2 GRS. OF ALKALOID CAFFEINE 


BY JOSEPH E. BARMACK, Рн.р. 
College of the City of New York 


On the basis of a preliminary study (x), the present in- 
vestigator submitted a theory of boredom integrated about 

_ the hypnotic tendencies usually operating during a *monoto- 
nous’ task. In conformity with the theory, it was to be ex- 
pected that certain antihypnotics should allay the develop- 
ment of a bored attitude to a repetitive task. Accordingly, 
the effects of benzedrine sulfate, ephedrine hydrochloride, an 
added incentive, and a lowered room temperature (2, 3, 4) on 
some indices of boredom during repetitive tasks were studied. 
Tt was reported that only a lowered room temperature (under 
certain specific conditions) was without effect on these indices. 
Caffeine is well known for its antihypnotic qualities. Its 
effects on boredom would be of interest to the general problem 
outlined above. Ina preliminary study ! on 49 subjects, it 

` was found that 2 grs. of alkaloid caffeine had an effect on the 
report of boredom and rate of addition which was somewhat 
similar to that of ro mgs. of Benzedrine. As Hoch and 
Kraepelin (6) and Hollingworth (7) had Previously reported, 
+ the rate of addition under caffeine was higher than under a 
control condition. „А very strikin 


1 Unpublished data, 
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» purposes, 
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the purpose of the present investigation was to compare the 
rates of addition and ratings on four 9-point subjective rating 
scales of bored-interested, peppy-fatigued, sleepy-wide-awake, 
and attentive-inattentive, of 29 subjects, adding for 8 succes- 
sive fifteen-minute periods under the following four conditions: 


2 grs. of alkaloid caffeine, one hour before adding. 

2 grs. of alkaloid caffeine, two hours before adding. 
2 grs. of alkaloid caffeine, three hours before adding. 
Placebo capsules before adding. ; 


ES S 


SUBJECTS AND PROCEDURE 


Twenty-nine college students (twenty-seven males and two females) volunteered 
as subjects for this experiment. The materials consisted of mimeographed sheets 
containing either 100 pairs of numbers to be added or subjective rating sheets. Six 
different adding sheets were used and duplicated with such rotation for all subjects 
that no single sheet had a position of advantage. The subjective rating sheet is 


illustrated in Fig. 1. 


Name... er rrr 
Session. -soen iien Rn emt 

Please circle the numbers below which best describe your feelings or attitudes: 

Very Bored огей Indifferent Interested ery Interested 
Very Peppy ерру Indifferent Fatigued Very Fatigued _ 
Very Sleepy: Sleep: Indifferen: Wide Awake" ery Wide Awake 
ЖКБ UR Uo et ee УА Е eT t уур 
Very Attentive Attentive Indifferent, \ Inattentive ery Inattentive | 


Fic. т. The subjective rating sheet. 


The procedure was basically as follows: " 

Every subject attended four experimental sessions at intervals of one week. At 
each session the subject. was given 3 gelatin capsules at the rate of oneperhour. The 
first capsule was given three hours before adding, the second was given two hours before 
adding, and the third was given one hour before adding. The gelatin capsules con- 
tained either 2 grs. of alkaloid caffeine or lactose. The subjects had no means of 


discriminating between them. Each subject participated in an experimental session 
à i e caffeines 


The hours after the administration 
- 
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do as he or she pleased. "Three hours after the first capsule was taken, the subjects 
filled out the first subjectiverating sheet and then began to add under the instructions 
to “work as quickly and as accurately as you can.” The subjects added for eight 15- 
minute periods at the end of each of which they were allowed 50 to бо seconds in which 
to fill out a subjective rating sheet. After a work sheet or a self-rating sheet was 
completed, it was turned over face down and the subject did not subsequently refer 
toit. © 

For ten of the twenty-nine subjects, the first capsule was administered at 11.00 
А.м. For the other nineteen, the first capsule was administered at 5.00 Р.М. on ex- 
perimental days, 


REsuLts 


The results of this experiment are graphically presented 
in Fig. 2. The reliability of the differences between the 
caffeine and control mean adding rates of the sixth, seventh, 
and eighth periods may be determined by consulting the 
critical ratios of Table I. 

TABLE I 


Criticar RATIOS or THE MEAN DIFFERENCES IN Rate or Appinc BETWEEN Р1АСЕВО 
AND CAFFEINE CONDITIONS AT THE $тхтн, SevENTH, AND. Ётонтн Periops 


ү Placebo and Caffeine | Placebo and Caffeine | Р 
Period One Hour Before | Two Hours Before | Тыс Hona Caffeine 
ite Waar eon 
3.00 2.13 1.90 
2.58 2.31 1.71 
2.20 2.30 1.41 


Pg о OU x TUE TURN Tie a MUR I MOM 
+ In view of the consistency of the trend of the data, it is 


clear that the 2 grs. of caffeine favorably affect the rate of 
adding, particularly towards the latter part of a two-hour 


However, according to 
+ the initial rate of addition whe 


two hours before. The 
between initial caffeine and placebo rate; 


jective ratings for the caffeine and placebo conditi 
inferred from the critical ratios of Table II. pae x LUAM 
> T 


j the subjective reports and rate of adding 
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According to the data, the most striking and ‘most sig- 
nificant subjective effects are obtained with caffeine admin- 
istered one hour before adding. The magnitude of these 


effects is greatest approximately one hour after the work is 
begun, or two hours after the caffeine was given. Neverthe- 


ONE HOUR TWO HOURS THREE HOURS 
143 , BEFORE WORK BEFORE WORK BEFORE WORK 
140 


137 


PROBLEMS 
ATTEMPTED 


or — ———«. 
4—BORED 
— INTERESTED 


—*FATIGUED 


+—PEPPY 


ON NINE-POINT SGALES 


+— SLEEPY 
— AWAKE 


Fa. INGS 
S— ATTENTIVE 
— INATTENTIVE 


904 2345678R12945678R12345678 
—— 2grs. Caffeine (alkaloid) ==- Placebo 


inistrati caffeine alkaloid on 

{ the time of administration of 2 grs. of caffeine a ‹ 
Ds ed wee of 29 subjects for eight 15-minute periods. 
‘Arrows indicate the direction of theincrease. R equals rest, and 1, 2, 3; ete, equal 


successive 15-minute periods of adding. T / i 
* * " 
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TABLE II 


Tae CnrricAL Ratios or Some MEAN DIFFERENCES BETWEEN THE SUBJECTIVE 


RATINGS or THE PLACEBO AND THREE CAFFEINE CONDITIONS 
* 


Placebo and | Placebo and | Placebo and 
1! „ | Caffeine 3 Hrs. 
Subjective Rating Scale Reser st Hr. gun bh Hrs. | Ca! [wa 3] 


E 


Ё 2.15 «50 0.74 
ares 3434 143 1.50 
Bored-Interested к. г 1.04 
—| = En 
| 1 340 4 >, 
Peppy-Fatigued | 3.00 E ADM 
1.00 
" 2.67 
2 
} Sleepy-Wide-Awake ce 
| 3.10 
Attentive-Inattentive 1.20 
К 1.05 


_ * less, the effect of caffeine on the initial ratings when caffeine 


И" 


is given two hours before is negligible. Similarly, the caffeine 
administered three hours before the onset of mental effort is 
“without influence on the initial subjective reports, although 
Some moderate effect is manifest in the latter part of the two- 
` hour period. 
араз E Summary 
-| Under the conditions of the experiment: 


P 1. Two grs. of alkaloid caffeine administered one hour 


‘before a two-hour period of addition allay 


reports and rate of addition. 
2. The effects of 
hours before are in th 


before adding, | 


3. Inall but one instance, the 
is not on initial rating or perform 


of administration of the drug. The exception is the initial 


rate of adding with the caffeine administered two hours before. 
2» d М f 


р E v * 


effect of two grs. of caffeine 


ance, regardless of the time ` 


—— 
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Is this latter datum an artifact or are the other initial 
rates of addition due to chance? 

To answer this question, a supplementary study on 36 other 
subjects was performed. This experiment was designed to 
permit a comparison of the rates of addition and subjective 
ratings of subjects adding for 15 minutes under the following 
three conditions: 

a. 2 grs. of alkaloid caffeine two hours before adding. 
b. 2 grs. of alkaloid caffeine three hours before adding. 
c. Placebo before adding. $ 

The materials, technique of control, and basic procedure 
were the same as that for the main experiment, with the 
exception that at each of the three sessions the subjects added 
for one 15-minute period instead of eight. The results of 
this experiment are provided in Table IIT. 


TABLE Ш 
A Comparison or THE RATE or ADDING AND CERTAIN Susyective Ratincs BEFORE 
| AND Arter ADDING UNDER (а) PLACEBO, (b) 2 GRS. OF ALKALOID CAFFEINE 
АрміміѕтекЕр Two Hours BEFORE Арріхс, AND (c) 2 GRS. OF 
ALKALOID CAFFEINE ApMINISTERED THREE Hours BEFORE 


j Арріхо. N Equats 36 
Ratings Before Adding Ratings After Adding 
| Prob- —— 
Condition ARJ A | Steepy. Atten- | gored-| Peppy- Sleepy-| Atten- 
келше porce PePPY | Wide. | Hve- | Inter- | Хае | Wide- | frats 
"| ested | tigued | Awake | 11815 1 ested | tigued | Awake | tentive 
1122 | ór | 52 | 5.0 | 44 | 54 | 59 | 4 6 | 56 
30.8) 1.3 1.6 І 1.7 1.5 1.4 | 1.3 | 20 
Cone ed hrs. be- 
fore adding ud 
Меап........ 110:7| 63 |47 | 57 | 41 6.2 | 49 | 54 d 
SS rue 312| 12 1.6 L4 | I. 1.3 14 | r3 1! 
GO а be- 
fore addin; А 
манет 112.2] 6.2 | 48 | 53 | 4 бл | 5-5 52 DE 
50.7, ier 29.5] їл 1.7 17.12. 1.5 L9 | i 2. 


See Fig. 1 for the meaning of the subjective rating averages. 


* ‘It is clear from the data in Table III that the caffeine had 
no effect on the rate of adding over a fifteen-minute pefiod, 
regardless of the time of administration. However, some of 
é 


»» ; Ж 


& 
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the subjective reports indicate a caffeine effect, particularly 
the reports given after adding. , 

For example, the average rating on the bored-interested 
scale after the 15 minutes of addition is 5.4 for the control, 
and 6.2 for the condition where the caffeine was given two hours 
before. The critical ratio of the difference between these 
means is 2.9. The average rating on the peppy-fatigued 
scale after the 15 minutes of addition is 5-9 for the control, 
and 4.9 for the condition where the caffeine was given two 
hours before. The critical ratio of this difference is 4.3. 
Similarly, the average ratings for the sleepy-wide-awake scale 

. for the ‘control? and ‘two-hour’ conditions are 4.6 and 5.4 
' respectively, with a critical ratio for the difference of 3.3. 
Finally, the average ratings on the attentive-inattentive scale 
are 5.6 and 4.6 with a critical ratio for the difference of 3.0. 


Discussion 


The results of the main experiment conform to the hy- 

_ pothesis previously developed that certain antihypnotics 
should allay the development of a bored attitude to a task. 
The findings of the main experiment also confirm the report 


| cerned w Th accordance with the 
atter supposition, it is to be expected that the effect of caf- 


к Ж 


* rating sheet containing 
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Another hypothesis may integrate the available facts. 
around supposed anti-fatigue properties of caffeine. The two 
hypotheses are not mutually exclusive. In fact, it would 
seem very difficult at present to test the validity of one against 
the other. Without denying the operation of the latter hy- 
pothesis, the present writer prefers the former because of the 
relative simplicity of the operations involved in adding, and 
the fact that the length of the experimental session can be 
doubled with little hardship to the subject (5). In fact, these 
reasons contributed to the selection of this type of task for 
the experiment. It was believed that over a two-hour period 
the unfavorable changes in rate of adding and feeling tone 
would be largely due to boredom, rather than to the fatigue 
of involved neuro-muscular mechanisms. 

The foregoing considerations make pertinent the question, 
«То what extent are the so-called stimulating effects of caf- 
feine on psychological performances a function of two factors: 
(a) the antihypnotic quality of caffeine, (b) the opportunities 
provided by the experimental framework for the development 
of an attitude of boredom to the task?” 

A puzzling byproduct of the present investigation is the 
finding that the initial effects of caffeine on the subjective 
reports were negligible when the subjects added for two hours, 
but were in some instances statistically significant when the 
addition was altogether 15 minutes long. Whether this dif- 
ference was intrinsic to the two groups of subjects, or to the 
length of the period, or to other factors, cannot be determined 
adequately from the design of the experiments here reported. 


SuMMARY AND CONCLUSIONS 


'Two experiments are reported. In the first, the main ex- 


periment, 29 subjects added pairs of numbers for eight fifteen- 
minute periods, after each of which they filled out a subjective 
four nine-point scales of bored-inter- 
ested, peppy-fatigued, sleepy-wide-awake, and attentive-in- ; 

-attentive. The experiment was performed under four condi- 
tions, (a) control, (^) 2 grs. of alkaloid caffeine one hour before 
adding, (c) 2 grs. of alkaloid caffeine two hours before adding, М 
є 
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and (d) 2 grs. of alkaloid caffeine three hours before adding. 
Suitable control techniques were used. Under the conditions 
of the experiment, the following results ‘were obtained: 

1. Two grains of alkaloid caffeine administered one hour 
before adding allayed: : 

a. A loss in rate of adding. 
b. 'The development of unfavorable feeling reports on all four 
subjective rating scales. 

2. Two grs. of alkaloid caffeine administered two or three 
hours before adding had a similar, though lesser, effect. 

3. The effect of the caffeine on the initial rate of addition, or 
on initial subjective reports, was negligible regardless of the time 

of its administration. 

In the second and supplementary experiment, 36 subjects 
added for fifteen minutes and filled out subjective rating 
scales under three conditions: (a) control, (5) 2 grs. of caffeine 
two hours before adding, and (c) 2 grs. of caffeine three hours 
before adding. \ 

Under the conditions of the second experiment: 

I. The caffeine had no effect on the rate of addition. 

2. The caffeine had an effec 
a more favorable direction 
ately after adding. 


The significance of the findings is discussed. 


(Manuscript received July 9, 1940) 


t on the subjective reports in 
; particularly those given immedi- 
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_ picture arbitrarily change figure and groun! 
' 


THE REGION OF THE VISION-FIELD, WITHIN 
WHICH ARBITRARY REVERSION OF 
AMBIVALENT FIGURE-GROUND 
PATTERNS IS POSSIBLE 


BY WALTER EHRENSTEIN 
p. t. Chicago 


In my paper: Untersuchungen über Figur-Grund Fragen, 
Z. Psychol., 1930, 117, 339-412, I mentioned on page 375 the 
fact, observed in previous experiments of mine, that rever- 
sions of the well known goblet-faces pattern (from a Greek 
kylix-vase, first used for psychological purposes by E. Rubin) 
cannot be brought about arbitrarily and intentionally in pe- 
ripheral vision, beyond a small visual angle away from the 


fixation point. 

Meanwhile I had opportunity to determine with 10 sub- 
jects, most of them assistants and students of the Department 
of Psychology of Chicago University, the range of central 
vision, within which arbitrary reversion is possible. 


For my experiments I used the original figure in Rubins book on: Visuell wahr- 
genommene Figuren, 1921, which I reproduced photographically. This picture shows 
in a black quadratic field, of 10.5 cm side-length as ground, a goblet-shaped white infield 
of 6.6 cm height and 7.8 cm greatest width as figure. If the reversion has taken place 
and the black part of the picture is figure, one sees two human profiles turned towards 
each other. а 

This picture was attached at the wall of a room, which was covered with grey 
wrapping paper. The vertical and horizontal directions of the vision field, crossing in 
the center, where the picture was fixed, were marked by a cm-scale with pencil on the 
wrapping-paper. Every 5th cm in addition was marked by a thumb-tack. The 
thumb-tacks were varied in color and size, so a$ to make them look different and thereby 
more suitable as stopping-points for the eye, which had to approach the picture from 
the periphery by steps, jumping from one thumb-tack to the other. This proved an 
advantage over a continuous approach in preliminary experiments, as by an approach in 
discrete steps the impressions of the observer became clearer and provided more 
certainty for his judgement on the final stage, when arbitrary reversion became possible. 

‘The distance of the observer from the picture was 228 cm, the observer standing 
against the opposite wall of the room. The right eye was used exclusively; the left 


eye was closed. The subjects were shown the meaning of reversion by having the 
d in direct vision before the experiments _ 
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started. Then they were asked to approach the picture, which was in level with the 
eye of a medium tall person in one series of observationsveach from the left, the right, 
from above, from below, successively fixating thumb-tacks nearer to the picture, until 
they came to a thumb-tack near enough to realize the intention of making the picture 
shift regarding figure and ground and of keeping it in the shifted condition against 

"further reversions. As in the goblet-faces picture the goblet has double the chance to 
be realized as figure (compare my tachistoscopic experiments, by which I determined 
the tachistoscopic exposure-time necessary for the goblet to be recognized as half the 
time necessary for the faces to be recognized, Z. Psychol., 117, p. 403), the subjects 
started with the goblet realized as figure, when they approached the picture from the 
periphery and tried to achieve a shift by making the faces the figure. Each subject 
made five observations for each direction of approach; a number of subjects made 
less than five observations. i 

The arithmetic mean of the distances in cm for all observations was used as 
a measure of the maximal distance from the center, which allows reversion. With 
the aid of the tangent this distance is then expressed by degrees of visual angle. 

In a second series of experiments the task was the same as in series 1; the picture 
however was half as large as in series 1, and the distance of the observer was half the 
distance as in series т, i.e, 114 ст. The retinal image of the picture was equally large 
in both series of experiments, 

It would take too much space to reproduce here all the results for all our 10 sub- 
jects. We give the full record of experimental data only for the subject with the lowest 
and for the si ject with the highest values, i.e. the subject for whom the central area, 
within wich bie reversion is possible, is smallest and the subject for whom this 
area is largest. 


We then report the averages from the data obtained for all our то subjects.! 


Resutts 
Our observations show: 


Ist: An arbitrary reversion of the ambivalent figure-ground 


pattern known as the goblet-faces Picture is not possible in 


FISION-FIELD ` 7or 


Supyect: Henry 
Large Arrangement 


Arrows 
Indicating | Arith- Tangent | Tangent 
Direction metic for for 
of Mean of Mean Greater Smaller tan аз 
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‚ slightly greater in the part of the vision-field above the fixa- 

tion point, or on the lower half of the retina respectively. 

4th: There are considerable individual differences between 
different subjects, the values of the subject with the largest 
region of reversibility being almost 4 times greater than the 
values of the subject with the smallest region of reversibility. 

sth: If one compares the values obtained with an observa- 
tion of a larger picture in greater distance—larger arrange- 
ment—with the values obtained with an observation of a 
picture half as large and observed from a distance half as 
great—smaller arrangement—one gets considerably higher 
values for the smaller arrangement, in spite of the congruence 
of the retinal images in both cases. As in the observation of 
the Aubert-Fórster-Phenomenon, the smaller arrangement is 
decidedly favored. i 

6th: This result, which is expressed by the quotient of the 
tangent of the visual angle obtained for the smaller arrange- 
ment as dividend and the tangent of the visual angle of the 
larger arrangement as divisor, more exactly: by the fact that 
this quotient reaches values over 1, indicates that the same 
factors that account for the Aubert-Fórster-Phenomenon are 
in the play in peripheral figure-ground reversion. 

7th: Both the Aubert-Fórster-Phenomenon and the pres- 
ent observations about reversion of ambivalent figures prove 
that our vision field is in a varying degree, which is decreasing 
from the center to the periphery, susceptible to central in- 
fluences of the higher sphere of personality. 


(Manuscript received June 21, 1940) 


А CORRECTION 


In our report in the October issue of this journal! we 
erroneously stated that Anderson and Brandt ? had required 
public announcement of goals by the school children who were 
the subjects in their experiment. Goals were recorded pri- 
vately, so that their results and ours are confirmatory on 
groups differing widely in age and educational status. 
Ernest R. HircARD 
Epwarp M. Sair 
: : G. Ann Macarer 
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